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The purgose of this contract is to design and develop a silicon,

I BUREOS

ultra-

higt frequency pover traansistor capable of delivering 5 vatts at 500

megacycles vith minimums of 50 percent efficiency end 10db pover gain.

The device vill be constructed in sccordance with Signal Corps Teche

nical Requirements No. SCL-T002/111 dated 25 August 1961. These re-

quirements are listed belov.

A. SPECIFICATIONS

Parameter

Exemination
or Test

Collector Cut-
off Current

Collector Cut-
off Current

MAXIMUM RATINGS AT 25°C

GROUP A_INSPECTION
Conditions Symbol
Vg = TVae I
I =0
Vg = 28dc  Igpg
Vg~ O

Rating
T5 Vde

5 Vde

60 vde at R210 1

12 watts at 25°C case temp.

1.0 Ade
200°C

-65°C to 200°C

Limits
Min Max Units
100 pAde
1 pAde
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Exemination
or Test Conditions plege)
: Collector Cut= VCE = T5V ICES
off Current V.. =0
EB
Susteining IC = 50mAdc LVCER
Voltage
Emitter Cut- VEB = SVde IEBO
off Current I =0
C
- v = 28va
e A A
Transfer Ratio (o} =
Base Spreading Vg * 28vde rb’
Resistance IC = 357mAde
Output Capaci- Vop = 28v Cop
tance IE .0
Small Signal V.. = 28Vdc
Short Circuit ICE_ 35708 hre
Forwvard Current °C
Transfer Ratio f = 500 me
Saturation I, = 700mAde VCE(snt)
Voltage I = 150Ade
Power Gain VCE = 28vde P.G.
IC = 35TmAde
£ = 500mc
To < 55°C
Oscillator Vep = 28vac P. O.
Output Ic - 357mAde
F = 500mc

In addition to the above,

a Group B inspection shall be performed, consisting

of the following examinations and tests.

Limits
Min Max
- 100
60 -
20 60
- 10
- 5
12 &
- 005
10 -
S -

ohxs

uuf

Volts

db

Watts



GROUP B _INSPECTION

Examination or

Test Conditions Symbol

Subgroup 1
Iy

Soldering - -

Tezperature -65°C to 200°C
Cycling 5 cycles

Moisture
Resistance - -

Subgroup 2
Shock Non-operating -
500g

Constant 10,000¢g =
Acceleration

Vibration, Hon-operating
Fatigue R

Vibration, - -
Variable Fre-
quency

Subgroup 3

Thermal Resistance - eJ_C

Subgroup L

Storage Life T = 200°C -
1000 hours

Subgroups 1, 2 and 4 Test End Points

Collector Cut- V.. = 75Vde I
off Current CE CEO
IB = 0
Collector Cut- v . = 28Vdc I
off Current VCE -0 CES
EB
Emitter Cutoff Vo, = 5Vde
Current EB IEBO
I,=0
(]
3

Limits

1.6

200

200

Units

.c/u

phde

pAdC

yAde
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B.

Exarination or Linits

Test Conditions Syzbol Mir Max Units
Static Forvard Vg ® 28vae beg 18 - -
Current Trans~ 1. = 357eAdc

fer Ratio C

CASE DESIGN AND CONSTRUCTION

The case shall be of the double ended stud type incorporating means
for readily mounting the transistor. It shall also be electrically

{nsulated from the collector, emitter and base.



II. ABSTRACT

An improved ultrahigh frequency transistor structure, call:d the overlay

structure, has been designed vhich results in high emitter periphery to

emitter area and emitter periphery to base area ratios. This structure

incorporates many emall individual sites to make up the necessary emitter
periphery rather than a fev continuous stripes as in the interdigitated

structure.

Difficulties associated with the fabrication of this device resulted in
the design of a diffused overlay structure vhich retains the advantages

of the original device but reduces febrication problems.

Experimental studies associated vith the development of this device have
resulted in significant state-of-the-art sdvances in the techniques of

photomask fabrication, photolithography and diffusion.

Two hundred final transistors were submitted to the Contracting Agency.
Power gain measurements of these devices, using a 500 megacycle Class C
amplifier employing tuned lines, resulted in approximately 3.4 to 5.b

vatts output. The median device had a pover gain of 6.0 db at 4.0 watt

output power.
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III. PUBLICATIONS, REPORTS AND CONFERENCES

Since the last report period, a conference vas held on 29 August 1963,
at the United States Army Signal Research and Development Laboratories,
Fort Monmouth, Nev Jersey between Mr. K. Fisher of the Signal Corps
and representatives of Radio Corperation of America. The conference
discussion included the progress on the modified overlay transistor

and high frequency evaluation of the devices.

On 1 November 1963, a paper titled "A 5 W 500mc Transistor" vas presentcd
by Mr. D. R. Carley of the Radio Corporation of America at the PGED con-

ference of the IEEE at Washington, D. C.
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IV. FACTUAL DATA

A. DEVICE DESIGH
1. Introduction

During the past geveral years, Industrial and Military
demands for more stringent transistor performance led to

the development of devices of increased complexity.

Early vork at RCA on high frequency, medium pover transistors
resulted in the development of the relatively simpie stripe
geometry, such as the 21493 and TA1938 (Figure 1), vhich has

one emitter stripe and tvo adjacent base stripes. As transistor
performance requirements for both output powver and operating
frequency vere {increased, nev units wvere podified to the inter-
digitated (comb) structure with interleaved base and emitter

fingers (Figure 2). Devices such as the RCA 2N2876 and TA2L0O
utilize this structure. In these comb type units,'the enitter-

base Jjunction periphery 1is greatly {ncreased allowing the transistor

to operate at higher current levels and, hence, to deliver more

output pover.

As the frequency requirements of transistors extended into the upper
VHF range, shunting capacitances inberent to the geometry of devices
became increasingly important. Reductions in size and the tight-
ening of tolerances of devices vere necessary. This reduction

{in size to facilitate higher operating frequencies is not compatible

with increases in emitter junction periphery necessary to increase
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FIGURE 1 RELATIVELY SIMPLE STRIPE GEOMETRY DEVICE WITH BONDED LEADS
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povwer output requirements.,

Attempts to design high power transistors, operable in the UHF
range, made it apparent that substantial improvements in fabrica-
tion techniques were necessary to meet btoth present day and future
design requirements, Improved technology which would allow extreme.
ly accurate control of both diffusion and photolithic processes

vere needed. Preferably, these techniques stould be utilized on

an improved structure, vhich in itself, wvould afford design ad-

vantages not obtainable with a camb type structure,

Design Considerations

In the design of high power, high frequency transistors, the approx-
imate structure of the device is determined by the specified static
and dynamic operating characteristics. Thermal resistance, Jjunction
breakdown voltages, current gain, and high frequency considerations
each dictate an optimuz design. Because of the incompatibility of
many of these "optimum designs” and vith state-of-the-art fabrication
techniques presently employed, the final design for these devices

must be one wiich achieves the best compromise of these optimal designs.

The various parameters and their effect on the final design are dis-

cussed belov.

a. Thermal Resistance

Power dissipation requirements control, to a large extent, the

necessary active collector area. The active collector area

10



vill be defined as that portion of the ares within the

collectar base Junction at the device surface.

Heat transfer celculations are subject to considersble
uncertainty particularly under actual operating conditions
and consequently, the required area is derived from expirical
data, The calculations listed belov use a theoretical

approach snd a comparison between the exmpirical and theoretical

results are shown.

The heat generated from power dissipated in the device during
operation must flov from the emitter through the silicon pellet
and subsequent materials to the package smbient. This beat
transfer must be high enough so that the temperature at the

emitter base junction does mot exceed 200°C during specified

maximum pover dissipation.

The thermal resistance of a device is defined as:

vhere:
TR = thermal resistance in °C/Watt

T « junction temperature in °C

J

c
P = power dissipation in watts .

T = case temperature in °C

The design specifications require this device to be capable

of 12 watts dissipation at & case temperature of 25°C. This

11
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results in a maximws thermal resistance of 1k.6°C/watt.

Maasurements on earlier devioces having an active collector
area of 1532 square mils, mounted in the 7/16" double ended
stud, isolated collector paciages used on this program

gave a thermal resistance of 4°C/vatt. Calculaticns

shov that the case and tbe pellet each have a 2°C/watt
thermal resistance. Subtrscting the case cosponent. from
the specified thermal resistance results in a maximum
alloveble pellet thermal resistance of 12.6°C/watt.
Assuning an inverse linear relation between the active
collector area acd pellet thermal resistance, a minimum
ares of approximately 250 square m=ils is required. To
allov for deviations from the linear assuzption, a safety
margin of 50 percent is exployed fixing the active collector
area and hence, base area at approximately 375 square mils
in this device. Calculations using the relatiooship:

TR, A
m -——-1——1—-.................(2)

A2
result in an expected pellet thermal resistance of 8.14°C/wvatt

and a thermal resistance of 10.1L°C/watt for the packaged device.

Thermal resistance may also be expressed as:

t

TR =
KA



.-

vbere:
TR = thermal resistance in °‘C/vatt
t = thickness of heat conducting medium
A = the cross sectional area of the conducting medium

normal to the beat flov
vatts

tnch2(area) °C/inch (length)

K = beat conductivity in

Figure 3a shovs the pellet and stud geometry used in
transistor construction. In this device, the entire
emitter peripbery is contained vithin an area having
a length asd vidth of 17.3 and 15.9 mils, re.spectively.

near the pellet surface.

In the folloving calculations, & 45° boundary of heat transfer

is essumed and discontinuities of heat flov at the interfaces

are neglected. A solid angle heat flov is assumed.

Figure 3b shovs & top viev of the area of heat generation and
she effective heat conducting areas of the various materials.
The interfaces of these materisls are shovn at their distance

from the zero origla.

Referring to Figure 3a and 30, the area of heat generation
approxizates a square having an average side length, s, of

16.6 x 10'} inches. Since a 45° angle of heat conduction is

assumed, tihen:

s = 2t

vhere: t is the distance from the origin of the system

13
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Using Equation (3),

t
®R= X2
t
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2
h t
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vhere t is the thickness of thes particular corducting caterial.
In the silicon pellet, t, = == 8.3 x 10° tnches and t,, =

by + 6 %107 = 143 x 107 inches.

Therefore:

1 6 x 10”0
m:ilicon - -6
4(2.17) (14,3)(8.3)x10

w 5050/t . o s sas s s v (D)

Table I shows the coefficient of heat conductivity, the boundary
thicknesses (t.l acd t.2), the material thickness (%) and the
theoretical therral resistance based on the above equations.
The theoretical thermal resistance of the mounted pellet is

the sum of the component resistances or 8,71°C/vatt,

A comparison of the theoretical and empirical results shows
a deviation of approximately 15 percent; however, both approaches
indicate that an active collector area of 375 square mils is

adequate,

15
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TABLE I
THEQRETICAL THERMAL RESISTANCE ON MATERIALS USED

Coefficient of Boundary Thickness

Thermal Conductivity| b» 3 t Material Thermal

Yatts .3 . Thickness Rcs%st&nee

Material *C i=¢h inches x 10 t TR-°C/Watt
Silicon 2.17 14.3 8.3 6 5.83
Molybdenum 3.76 19.3 1k.3 5 1.20
Beryllium Oxide 5.65 b1.3 19.3 22 l.22
Copper 9.8 166.3 k1.3 125 0.46

b. Collector Base Breakdown Voltage

The choice of starting material resistivity is dependent on
the required breakdown voltage,emitter to collector transit
time, high frequency current gain and the required output
capacitance, The optimum starting material is the lowvest

resistivity material vhich vill support the required breakdown

voltage.

The application of a reverse bias to a junction results in

a depleting of majority carriers on both sides of the Junction.
The penetration of this depletion region is a function of the
diffusion profile in the vicinity of the junction and the applied
voltage. Under reverse biaes conqitions, charge neutrality must
exist, that is, the net charge enclosed within the depletion

region on tbe N and P sides of the junction must be zero.

The base widtbh (W) and the width of the intrinsic region (the

16
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original starting material between the base diffusion and
the contact diffusion or low resistivity layer) may be
determined by using the graphs developed by H. Lawrence
and R. M. Warner, Jr.(l) and n’uunina a base surface
concentration, Jjunction depth and Gaussian impurity distri-
bution. These curves predict total depletion layer thick-
ness, the fraction of depletion thickness on each side of
the Jjunction, Junction capacitance and peak electric field
as & function of voltage for verious Junction depths and

impurity concentrstions.

To support 80 volts in 6 ohmcm material, the base vidth

must be 6.6 x 10" cm ar about 0.026 mils because of the
depletion regior. - read, Similarly, the intrinsic region width
sbould be a minimm of 1.13 X 10"° cm or 0.45 mils because

of the spread into the collector body. (The vase width and
{ntrinsic region width_ should be greater to allow for any
irregularity in the diffusion.)

Using 3 obm-cm material, a base width of 5.4 x 107 ca

(0.0214 mils) and an intrinsic region of 7.96 % lo'kcn g

(0.313 mils) is necessary to support 80 volts.

The lower resistivity material can support the required breake
down voltage in a thinner depletion region. As will be dis-
cussed in later sections, it further results in & shorter

emitter to collector transit time and an improved frequency

17
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response at high current levels.

Collector Capacitance

The collector transition layer extends into both the base
and collector body. Because of the difference in impurity
gradient in the vieinity of tbe junction, only & small
portion extends into the base. As previously discussed,
the vidth of the depletion region (x ) is an increasing

function of voltage.

The collector capacitance can be characterized by the

expression:

€€

c, = K Sk pacDhe § VRE A
%

= dielectric constant of free space

vhere:

cc = collector capacitance
E- dielectric constant of the material
X, - depletion layer width for a given voltage

Ac = active collector area,

Using 3 obm-cm material and an active collector area of
approximately 375 square mils, calculations indicate a col-
lector capacitance of 4.9 ,uf at %0 volts. As can be seen,

this value is very close to the specified maximum of 5uuf.

Collector Emitter Breakdown Voltage

Tbe open base collector to emitter voltage (BICEO) relationship

18
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for an NPN transistor can be expressed by an equation

from Miller and Ebcrs:(a)
BVemo
Bv -———-——....;-00---00-'(7)

CEO
Vi+ i

The empirically derived avalanche multiplication exponent,
n, has a typical value of L for stlicon. The specifications
of 75 Volt BVCEO and a minimum hﬁ: of 20 results in & required
avalanche breakdown of 160 volts. Graphical determination of
avalanche breakdown from curves developed by D. P. Keanedy end
R. R. 0'Brien’’) predict a BVgp, Of 250 volts using 5 ohs-ca
saterial. This value of avalanche represents the bulk break-
down in the silicon underneath the collector-tase junction.
In planar devices, the bulk avalanche breakdown is masked by
surface break"ovn phenomena vhich occur at much lowver voltages
than the bulk breakdown. Consequently, the limiting collector-
base breakdown field is at the surface and not in the base at
80 volts. This field strengtb is not high enough to cause
avalanching and lower BVCEO , that is, BVCEO is only slightly

less than the measured surface limited BVCBO'

e. Triple Diffused Structure

The triple diffused structure has been employed in the fabricaticn

of this device to allow accurate control of the intrinsic reglorn.

The diffusion profile is shown in Figure L and can be arrived at

19
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by assuming an infinite source of impurity material
necessary to provide a constant surface concentretion,
thus, producing an erfc impurity distribution. The
formation of the collector base junction in the N- type
intrinsic starting material can be expressed as:

X

C (x) = ¢, erfe NSO P e

2y Dt
where:

C(x) = diffusant concentration at any point

co = gurface concentration

X = depth from the surface

D = temperature dependent diffusion coefficient
t = diffusion time,

It is assumed that D , the diffusion coefficient ol the
diffusant, is a function only of temperature and not the

di{ffusant atom concentration.

In the formation of the collector base Jjunction, Equation(8)
18 used substituting the appropriate values for diffusing

P-type diffusant into &n N type intrinsic crystal.

In forming the emitter base junction, the N-type diffusant is
going into a region with an erfc distribution on a previously

diffused silicon surface. This can be expressed as:

X X

C(x) = C, erfc ~ p—— - C, erfec + 0 oo D)
1 D, t, 2 o D.t, 4

20
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where:

C, = phosphorus surface concentration

1
D1 = phosphorus diffusion coefficient
tl = phosphorus diffusion time

C. = boron surface concentration

D. = boron aiffusion coefficient

t. = total diffusion time

C. = crossover concentration of the emitter junction

PRV O O )

= N-type dopant concentration of the intrinsic
material

c

C(x)=net N-type diffusant concentration at any
point in the NPI portion of the transistor
structure.

Emitter to Base Bres'down - V?BO

The value orBVEBO can be determined by employing the

diffusion equation to obtain the emitter junction depth

from:
X

Cy = C, erfe L A T E LR R e
vhere:

Cl = gurface diffusant concentration

X, = emitter junction depth

Ll = diffusion length of the phosphorus emitter diffusion

C5 = crossover conceatration of the emitter Jjunction .

L
The emitter diffusion length is used in Equation (11)( ). o is

the equivalent resistivity as calculated from the base surface

concentration.

22
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Curves developed by Kennedy and O'Brien(j) can also be
used to approximate the emitter-base breakdown voltage.
"The emitter-base junction breaks down at the surface-
boundary af the junction because the impurity gradient is

at & maximum there(see Figure 3).

Current Gain and Emitter Peripbery

In the design of high pover transistors, serious considere-
tion must be given to the relationship between current gain at

high current and eaitter Junction periphery.

All transistors shov & reduction of curreot gain with in-
creasing current after reaching & paximum value. Initially,
fields build up vith sdditionsl carrier injection reducing
the effect of surface recambination and thus, izproving
current gain.(j) As carrier injection coatinues to increase,
emitter efficiency decreases due to 8 greeter carrier cone

centration in the base region.

Investigations by Fletcher and others have shown that at

high current densities a transverse voltage is developed in
the base regvion ceusing carrier injection to ve confined
primarily to the edges of the emitter (2'6’7). When consider-

ing Fletcher's theory, it is found that injection originates

a>
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from the emitter edge - a small percent of the total emitter
area. This indicates that if .devices are to be operated

at high currents, vith the desired current gain, large
emitter peripheral length must be obtained in order to

minimize the current density.

Empirical results show the maximum current gain occurs
at an injection ratio of approximately 1.5 milliamperes
per mil of junction length and are operable with good
gain characteristic up to kma/mil. Ono the basis of the
357 milliampere average operating current, a peak current
of approximately l.l amperes can be predicted in Class C
operation. This value indicates a need for approximately
300 mils of emitter periphery to insure high values of

current gain over the -range of operating current.

Frequency Considerations

In order to obtain the required power gain of 10db at 500
megacycles, a gain-band value of merit (K) of approximately
1.6 K is necessary. This value is determined by assuming
a 6db per octave power gain reduction with increasing
frequency. The figure of merit, K, is expressed as:

1 1
K-(PG)l/aF- -\[ T 00000(12)
ec

n Top! Cc

where:
PG = power gain of the device

F = frequency of operation

ok
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Popt = base resistance

Cc = collector capacitance

7;c = total emitter to collector transit time.

The value of the collector capacitance vill be very close to the
five picofarad upper limit of the specification and the value

of the base resistance will be a;proximately 2 ohms, thus giving

0

an r, ., C, product of 10 x 10719 seconds.

To achieve the specified pover gain of 10 db at a frequency of

10

500 megacycles, a maximum total transit time of 2.5 x 10~ seconds

vill be required. The current gain may also be used to determine

the total transit time by using the following relationship:

1
hre- 00-00.00---000-..-(13)
2nf 1rec
where:
hre = small signal short circuit forward current transfer ratio
f = frequency of operation

7;c = defined as above.

To achieve the specified current gain of l2db, an enitter to col-
lector transit time of 8 x 10'11 seconds is necessary which is short-
er than the value calculated from Equation (13). It must be real-
ized that these equations (12,13) are developed from simplified.equi-
valent circuits operating under low level, Class A amplifier condi-
tions. However, they are useful aprroximations ‘and the best calcu-

Jations aveilable. The emitter to collectar delay time ( 7;c) is

comprised of four terms: 1) the emitter transition capacitance charging

25
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time (7e ); the base layer transit time('rb); the collector
depletion region transit time (Tm) ; and the collector
capacitance-collector series resistance charging time(Tx).
Of these terms, the collector capacitance-collector

series resistance charging time can be neglected because
the collector series resistence is vc 'y small making the

value of this term approximately 20712 4eo0nds.

The value of emitter charging time( Te) can be related to

other device parameters &as follows:

kT
Te- o C“‘ ke s aTe s 3 &5 e o 20N

7'e = emitter delay or transit time
k = Boltzmans Constant

T = temperature in degrees Kelvino
qQ = electroa charge

I = emitter current

C = emitter trangition layer capacitance.

The emitter transition layer capacitance can be calculated

as follows:
1/2
q€€° NA
Ga =A|—— A/ 28 picofarads . . . (15)
2(v +v,)
1
where:

A, = total emitter junction area

€ o = Gielectric constant of free space

26
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(? = dielectric constant of silicon

NA = acceptor density at the Junction

V+V1-tpplied plus built in potential
q welectron charge.

The base transit time cen be calculstea from:

7b-—w'2'—'00000000010.100000(16)
Dy

T. = base transit time

W = base vidth

diffusion constant for electrons in the base,
spproximately 23cm“/sec.

GU
[ |

The base width(W) varies with the collector potential
because of the depletion region spread and must be
sufficieatly large to coatain the depletion region
(1.e., preveat punch-tbrough). As previously discussed,
the extent of the depletion region spread is a function

of applied voltage, resistivity, and impurity gradient.
The collector depletion region transit time (’T;) is:

X
Tm--_-ﬂ_anocnnaana.noa-a----(17)
aVy
vhere:
ﬁm = depletion region length
V = drift velocity of the minority carrier in the
X depletion layer. -
The drift velocity V* can be determined from the calculated

magnitude or vhe accelerating field at given potentials and

ey
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data presented by avaer.T) Except at low collector
voltages, this velocity is 9 X 106cm/sec, the late
tice-scattering-limited maximum drift velocity for

movile-charge carriers.

The collector depletion region transit time is voltage
dependent since the depletior region vidth changes with volt-
age. Therefore, the evalualici.. of the collector deple-

tion region transit time, under fixed biss conditions,

does not yield a realistic picture, This is particulsrly
true Gince the base transit time decreases with voltage

vhile the collector depletion region transit time increases

vith voltage.

The collector depletion region transit time ('T;) and the
base transit time ('Tb) depends on collector voltage and

the sum of these delay times are shovm in Figure 5.

Calculations performed using 20, 6 and 3 ohm-centimeter material
{ndicates that it is advantageous to use the } ohm-centimeter
paterial because .. the shorter total transit time and the

high- current,low-voltage operation desired. The bigher
capacitance associated with the 3 ohm-centimeter caterial is

a disadvantage. A comparison of these various resistivity
pmaterials is shown in Table II and illustrates that these
transit times and parameters are within the requirements for

500 megacy cle operation.

28
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TABLE II
COMPARISON OF VARIOUS RESISTIVITY MATERIALS
AT 28 VOLTS COLLECTOR POTENTIAL

Resistivity Materials

Transit Time 3 l-ca 6 flecm 20 Q-cnm
Collector Depletion [29.4 x 10'12uc b3 x 10'12-«: 8 x 10'12 sec
Rgfim Transit Time
(T.)
Base Transit Time |26 x 10712 13.9 x 10°32 7.3 x 10732
(T,)
T +T, 5.4 x 10712 6.9 x 10°2 88,3 x 10722
OQutput Capacitance 4,9 pt 3.4 pt 2.5 pt
Common Base Config-
uratioc
Enitter Transit Time | b x 10732 4 x 20722 §x 10722

-]
Eaitter to Collectar | 5.9% x 1071 6.0 x 10712 9.2 x 1071
Transit Time (ch)

30



{. Design Consideration Summary

l The geperal design cocsiderations {icdlcate cptimums for

t each of the aress discussed, A summary of these results

is prescnted in Table III.

TABLE III
SUMMARY OF DESIGN CON.T' TATIONS

e

Desiggggoalideration

'M

Thermal Resistance

I Vero

? Vom0

l VERO

l k
Current Gain

I

Low rbbl
Emitter Efficieacy

Lerge Gain Bandwidth (K)
Small ’T?
small b

l Smnll'Tm

Futerial Consideration

Large active collector area

High resistivity starting material
and wvide base vidth

High resistivity starting waterial
and vide base width

High resistivity base dopent, long
diffusion leagth

High resistivity starting saterial,
szall collector aree

Long emitter periphery, oarrov basge
width, low Tobt

High dopant concentration in base
region

High dopant concentration in emitter
region

Low Tt

Small enitter area

Cc product, short'rec

Narrov basewidth

Low resistivity starti:.g material

It can be seen from this table, that many of these requirements

are conflicting. Therefore, it is necessary to evaluate the

T R A e e R R R e T e T R T PR e e o G O ) T e
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relative importance of these design paremeters and

establish compromises wherever possible.

Frequenoy considerations and thermal resistance are of
fundamental importance since these determine the maximum
operating frequency and approximate power levels. The
expression for gain-bandvidth figure of merit (K) must

be maximized, The base spreading resistance (rbb' ),
collector capacitance (Cc) , and emitter to collector
transit time (Tec) must be kept small. These conditions
dictate high base dopant concentrations, small emitter area,
narrov base width and lov resistivity starting material.
Again, even vwithin this same expression a compromise must be

reached, narrov base width results in short base region transit

time but higher values of Top'®

Limitations of Interdigitated Geametry

The operating ?urrent and, hence, the power cutput of a device,
is dependent on emitter peripbery. The required emitter
periphery must be obtained using a minimum of emitter area. This
area must be contained vithin a minimm of base area, 80 that
emitter-bage and collector-base junction capacitances are kopt
lov,leading to both high efficiency and high gain., This can
be accomplished by making the emitter and base fingers as
narrov as possible. Thus, the vidth of metalization must be

reduced and the resistance through the fingers rises, thereby

32
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increasing IR drops vhich cause injection to fall off
along the finger length. The.results of a decrease

in finger wvidth can be compensated by an increase in
retallizing thickness. However, photoresist and etch-
ing techaiques impose & limit on the ratio of finger

vidth to metal thickness.

A second limitation of the comb structure is the re-
latively large emitter area vhen compared to emitter
periphery. This large emitter area is caused by the
terminal strip used for bonding at the back of the
emitter camb and by the limitation of emitter periphery
to emitter arca ratios. While it would be possible to
substantielly reduce this area, by extending the emitter

bonding area out over-the collector oxide, the area still

remaining vould be appreciable,

A third limitation on the use of comb type geometry is
the impedance associated with the bonding wires and
petallized fingers. Since small bonding areas and

narrov emitter finger widths must be ezployed to reduce

device capacitance, very small bonding vwires and thin metal-

lizing on the fingers is essential. This results in an
increase in the resistive and inductive reactance come

ponents of the emitter impedance vhigh raises the input

resistance and consumes input power, thereby decreasing the

power glin:

33
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B.

SURFACE GEOMETRY

1. Overlay Structure

The three previously mentioned limitations on the comb type
geometry can be overccme by the use of an overlay structure,
The outstanding feature of this structure is the concept
of emitter metallizing over both the base conductors and the
emitter. This allows the emitter to be incorporated into
the device in the best gecmetry for good frequency response

and high current capability.

A pictorial representation of the formation of this device,

as originally proposed, is shown in Figures 6 through 12,

The base pattern illustrated in Figure 6 is the first photo-
resist pattern applied. Following the base diffusion depicted
in Figure 7, tbe emitter pattern is applied as shown in Figure 8.
The emitters are small squares bhaving a dimensioa of 0.5 mils
per side vith a separation of 1.k mils. There are 156 emitter

sites per device arranged in & 12 by 13 array.

Following the emitter diffusion (Figure 9), the units are ready
for base metallizing., This is where the initial departure from
standard processing occurs. The metallizing is performed in
several steps rather than the usual two steps. The first step
in the process is to remove the oxide by etching between the
emitters and also inside of them, leaving the emitter-base junc-

tion and collector-base junction still covered by oxide as shown

3
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in Figure 10.

Aluminum 18 then evaporated over the entire wafer to a thickness
of 10,000 to )0,000R. The base metallizing is then etched awvay
so that the aluminum remains, not only in the base silicon areas
netvween the emitters, but also extends over the oxide covering

the collector base junction, terminating in the triangular areas

wvhere bonds are made as shown in Figure 12,

Following the aluminum evaporation, the base metallizing is
covered by an insulating film (Figure 11), formed by anodiz-

ing the aluminum, or evaporating an insuwlating film such as a
silicon oxide. In using silicon oxide, an extra step is required
to etch the squares inside the emitter, shown in Figure 11, to
remove the oxide from these areas. This step is not required

using the anodized film approach.

After the insulating film is formed, contact is made to the emitters
®

by evaporating 10,000 to 60,0008 of metal over the entire wafer.

This new metal layer is defined over the entire device as shown in

Figure 11l.

Modified Overlay Structure

Difficulties assoclated vitE_the fabrication of the insulating layer
(Section C-2) led to the design of a "modified” overlay structure.
This modified structure retains most of the advantages of the ori-
ginal structure but reduces fabrication problems by the introduc-
tion of a highly doped diffused st matrix surrounding each emitter

site. This conductive channel eliminates the need for metal conductors

L2
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over short lengths.

After the base diffusion cycle, the P’ layer is diffused into
the regions completel)’ surrcunding each of the future emitter
sites as illustrated in Figure 13. An oxide layer is grown
over the wafer and reopened in the emitter sites to accept

the emitter diffusion as can be seen in Figure 14, After the
emitter diffusion and oxidation, the reverse oxide pattern

is opened allowving the evaporated aluminum film to make

contact with the emitter and base contect areas. As depicted
in Figure 15, each emitter site is opened in the form of a

0.3 mil square while only every other horizontal base coatact
stripe is opened. Conduction of base current from sides of

the emitter not directly opposite a metallized base stripe is
by means of the highly conductive P+ layer parallel to these
sides. The base current opposite these sides will flow through
the lowest resistance path to the metallized base stripes.
Calculation of the maximum voltage drop down the P"layer , based
on the meximum base cwrent, indicate the drop does not appreciably

affect injection from these sides of the emitters.

Figure 16 shovs a defined metal contact pattern In this figure,
the wider metal stripes make contact to the emitters through the
oxide openings and are insulated from the base by thermally grown

silicon dioxide.

The dimensions of the "modified" overlay structure device are shown

3
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MAGNIFICATION 200X

FIGURE 13 HIGHLY DOPED P MATRIX AFTER DIFFUSION INTO BASE REGION
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MAGNIFICATION 200K

FIGURE 14 REGISTERED PHOTORESIST PATTERNS AFTER EMITTER DIFFUSION
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MAGNIFICATION 20K

FIGURE 15 REGISTERED PHOTORESIST PATTERNE OPENING OF EMITTER BASE CONTACT AREAS
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MAGNIFICATION 200X

FIGURE 16 DEFINED METAL CONTACT PATTERN

b7



ber |

in Teble IV and a comparisoa of these dimensions to a 3 watt,

150 megacycle cozb type device is presented.

TABLE IV

DIMENSIONS OF MODIFIED OVERIAY GEOMETRY
(TA-2307)
Casb Structure

Dimensions Moditied Overlay 3w, 150
Total Base Area (BA) 380 squere mils 1726 square mils
Emitter Area (EA) 39 square mils 657 square mils
Emitter Periphery (EP) 312 =ils 438 square mils
Pellet size 50 x 50 mils 55 x 58 mils
EP/EA 8.0/m11 0.668 /mi11
EP/BA 0.826 /m11 0.255/mil

The ratios EP/EA and EP/BA {ndicate the relati-2 peripsery in a

given area and, as previously discussed, have & direct tearing

Pl peked SRS 0 Duamp ey

on the current handling sbility and maximum operating frequency
| of a device. It is spparent from Teble IV that a significant

improvement in the design ratios is realized wvith the modified

overlay structure.

C. PROGRESS DEVELOPMENT

1, Mask Design and Fabrication

The importance of thc transistor area i: ucvice theory has been

shown in Section IV-B. In general, the best frequency response and
pover gain is obtained by minimizing the emitter and collector

areas., Also, the spacing between the active emitter sites and

L8
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the length of metal contacts should be as small as possible.

The size and minimum tolerances in a device are determined
by the precision of the masking and the ability to reproduce

the pask pattern on the silicon wafers.

The masks Zor this device were designed with minimum line
wvidths of 0.3 mils. The dimensions of the emitter diffusion
and reverse oxide masks are such that the masks must align to
within a tolerance of 0.1 mil. The specific mask patterns and
dimensions along with the particular purpose of each mask are

given in Figures 17 through 23.

The originally proposed mask patterns are given in Figures 17

through 20.

Figure 17 shows the base diffusion mask; the negative of this
pattern, rotated 90°, was to be used as the emitter metallizing
mask. Figure 18 shows the P* aiffusion mask; tbe negative of this
nask vas to be used as the base metallizing mask., Figures 19 and
20 illustrate the emitter diffusion and silicon monoxide reverse

oxide patterns, respectively.

The mask used in the fabrication of the modified overlay are depicted
in Figures 21 through 23. The original base mask (Figure 17) and the
original emitter mask (Figure 19) are used in this device. Figure 21
shows the modified P' diffusion mask. The reverse oxide pattern is

shown i{n Figure 22 and the metallizing mask is illustrated in

Figure 23.

b9



T peewend g el e by e T T T

=3

a8

A\

L1770

FIGURE 17 BASE DIF FUSION MASK

llllll



f |

%

156 Squares

FIGURE 18 P* DIF FUSION MASK

51

IIIIII




11 Spaces

| e e o,

12 Spaces

1% Squares

FIGURE 19 EMITTER DIFFUSION MASK

He

— et St —



12 Spaces
— r:I—-- .0003 /_ 156 Squares
| = |—__1T
.03]3 T’?. —— "
0100 : i
?/ 11 Spaces
2
Z
/]
0078% o c
{ | . "
ot b 0006 Ret. ~
.019% —

TLezos

FIGURE 20 $10 REVERSE OXIDE MASK



02130

12 Spaces —_—

00 T 1\

XN

| |
: : = on
! 156 Squares
4 I
00
\ [] - Joouse § 1 :

''''''

FIGURE 21 MODIFIED P+ DIFFUSION MASK

5k



S | 1 m

e ——

e
o
| SE— |

12 Spaces

|
|
:

E 0 0 (s e Pt
' [ 0 Q = = (o s
l 0003 — [ o - - 0
4 - e -
' i O = 0
l M — = ) - Z Qn
F‘ i g - : . § Spaces
_ — .
N ] ) |
| \E =]
) /. i

FIGURE 22 REVERSE OXIDE MASK




£ SN o

I e
Py
3 e

-
[ P ] [ imm——
[ o

[ ]

0213

L1m

FIGURE 23 METAL CONTACT MASK

56



e e e —— e P

AR

T EmY et el IR ey e

2.

The extremely small gecmetry of this device necessitated the
use of nev photoresist mask fabrication techniques. Edge
definition, maintenance of small radius corners, opaqueness,
emulsion free clear areea and registration of the various masks

vere specific points of concern in the fabrication of these

mosks.

Samples were requested for the most difficult mask from several
vendors including the RCA Photomask Laboratory. Evaluation of
the various samples indicated the masks made by the RCA Photo-
mask Laboratory were superior. Because of this, the Laboratory

supplied subsequent masks required on the program.

Metal Over Metal Overlay (Insulating Layer)

For the fabrication of tkz originally proposed overlay structure,
it is essential that the insulating film over the base metallizing
have certain properties. These include: freedom from pinholes;
strong adherence to the substrate material; offer very low leaksge
current; and the capability of being placed, formed or defined in

particular areas in reasonable lengths of time.

Three basic systems for the fabrication of the insulating layer
vere investigated; evaporation of silicon monoxide over the entire
surface and the definition of this film by photolithographic
techniques, evaporation of silicon monoxide through a metal mask,
and the anodic formation of an aluminum oxide layer on the surface

of the base metallizing.

i i



Photolithographic Definition of Silicon Monoxide

Initial studies on evaporated silicon monoxide films
indicated that the properties of the film wvere largely
dependent on the temperature of evaporation, source to
target distance, substrate temperature and the vacuum
system pressure. Difficulty was encountered in etching
these films in reasonable lengths of time using ammonium
bi-fluoride etching solutions. This may be caused by too
high an evaporation temperature vhich results in the dis-
sociation of the silicon monoxide source material into
silicon and silicon dioxide, Measurements of the etch
rate of films deposited at various source temperatures
{ndicate the etch rates range from 130 to 180; per minute.
The fastest are attuined at the slowest deposition rate,
approximately 120; per minute. The slov etch rate requires
the defined photoresist to be exposed to the oxide etch
for long periods of time and often resulted in fatlure of
the resist to properly mask the substrate. The paximum
allovable thickness of the silicon monoxide film is approxi-
pately 2500-3000; since the photoresist affords protection
for only about twenty minutes in oxide etch under the best

conditions.

The slov evaporation rate resulted in films capable of

uaving relatively large patterns (two mil stripes) defined
L

in them. These films, approximately 2000A thick, were

extremely adherent to the substrate material, both the sili-
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con areas and the thermally grown silicon dioxide
regions. Further, they were not scratched or dam-

aged when scraped with a stainless steel scribe.

Additional difficulty in the definition of the sili-
con monoxide insulating layer was encountered in the
fabrication of an actual overlay device. In these
studies, silicon monoxide was deposited over the en-
tire vttef Qrter the base metallizing had been com-
pleved. Photoresist techniques were employed in an
attempt to define this insulating material so that

the emitter contact areas were free of silicon mon-
oxide while the metallized base matrix remained covered
by the monoxide film. All attempts to fabricate a
device using this procedure resulted in failure due

to an inability to etch out the emitter contact areas.
The failure mechanism consisted of a lifting of the
photoresist in one to two minutes after immersion in
the oxide etch, a failure of the photoresist to mask
at the sluminum-silicon dioxide-silicon monoxide inter-
face or a combination of these two mechanisms, Various
substrate cleanup procedures, evaporation conditions
and photoresist techniques were employed in unsuccess-

ful attempts to eliminate this condition,

Metal Mask Eveporation of Silicon Monoxide

Attempts were made to fabricate an overlay structure tran-
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sistor by the evaporation of silicon monoxide through
a metal mask. A mask was designed with 0.7 mil slots
and 0.7 mil spacing between them. A dravwing of this

mask is shown in Figure 2.

Two successive evaporations and placing the mask at
right angles vere required to cover the base retallizing
grid. This approach allowed the deposition of the sili-
con monoxide only on the metallized base matrlx after i
the emitter contact area had been opened and, therefore,
did not require subsequent etching. However, difficulty
wvas encountered due to a scattering of the evaporated
silicon monoxide under the metal mask and because of the
incidence of emitter base short circuits at the sharp
edges of the metallized base matrix. The problem caused
by the scattering vas greatly reduced with the 1nsert{0n

of a shutter, baving a small orifice, into the evaporaticn

system between the source and target.

Further difficulties were encountered due to inadequate
surface cleanup procedures after the silicon monoxide
evaporation and prior to the emitter metallizing, This
resulted in poor adherence of the metal film to the emitter
contact area and consequently, devices exhibiting current
gain only at very low current levels could be fabricated.
Attempts to employ more rigorous surface cleanup procedures

resulted in random destruction of the insulating layer.

60
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Anodic Formation of Aluminum Oxide (A1,0 j)

Another approach investigated for the insulating layer
between base and emitter metallizing was the anodic for-
mation of A1205 on the sluminum base mgtrix. This
anodized film possesses all the necessary physical

properties of the insulating layer.

Initially, a device having an interdigitated structure
was used as the vehicle for the experimental work. The
petallized emitter and base areas of these units were
anodized to 150 volts using a current density of 1k milli-
amperes per square inch of aluminum surface area in a 3%
tartaric acid solution having the pH adjusted to 5.5 by

the addition of ammonium hydroxide.

The anodized layer on the metallized emitter was scribed

‘open exposing the aluminum; a second metal film was

deposited over the emitter and anodized tase fingers

using a metal mask evaporation technigue. The anodized
base metallizing area, which had an emitter metallizing
overlay, was 1680 square mils, u factor of 15 greater than
the proposed device. Measurement of VEBO indicated 90

percent of the units were insulated.

Other experiments on comb type structures, modifiec into
an overlay but without the aluminum oxide on the emitter

metallizing scribed open, showed leakage currents betwecen
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the metallizing layers of only 5 nanoamperes at 60

volts.

Effort was then conceatrated on the use of anodization

using the patterns for the overlay device, These efforts
were largely unsuccessful in so far as fabricating a

device capable of the specified operating current. In
general, the difficulty was in opening the emitter oxide,
after anodizing the base metal, so that contact could be

made to those areas during emitter =metallizing. Specifically,

the problem was poor adhercnce of the photoresist to the

—-—-—-u.--—-—q——-—-.-—-q—_j

substrate due to inadequate surface cleanliness.

As in the case of the silicon monoxide, attempts to improve
the adherence of the photoresist by the use of more thorough

surface cleanup procedures resulted in the destruction

of the anodic film.

An alternate technique o opening the emitter oxide was
the use of a second metal evaporation. This evaporation

folloved the forming of Al on the base metallizing and

205
vas approximately 2000& thick, It is known that this metal
film adheres readily to the substrate with present surface
cleanup procedures and that the photoresist edheres readily
to the surface of this film, The photoresist was defined
in the regions over the emitters and the metal film etcted
using conventional etching techniques. The wafers were

then placed in oxide etch and this thin defined film was

63




Lt

L-‘J

RO I

L I o

used to mask the remaining areas of the wafers from the
oxide etch, thereby sllowing the opening of the emitter

oxide.

The masking afforded by this thin £ilm of eluminum wvas
limited to approximately five minutes. The aluminum
£ilm vas attacked by the oxide etch after this time
and lateral etching under the defined aluminum "mask"
occurred. This resulted in a total loss of definition
of the contact area and consequently, this approach was

discontinued,

During the initial phases of this contract, effort vas
expended on attempting to resolve the various difficulties
associated vith the originally proposed overlay structure.
No reproducible, practical solutions to these technological
problems vere obtained. Because of these problems, the
modified overlay structure vas designed to eliminate

the above fabrication difficulties.

3. Diffused Overlay Structure

The successful operation of the modified overlay structure depends

to a large extent on the high degree of conductivity attainavl. in
-the P+ matrix surrounding the emitter sites. This conductivity must
be high enough that the voltage drop , caused by base current
flowing through the matrix, does not gseriously affect injection

from eny segment of an emitter site. This criteria required the
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metrix to have the lowest possible sheet resistivity. Calcu-
lations based on a current gain of one and 156 emitter sites,
each injecting uniformly, indicate & maximum voltage drop of
spproximately 4O a.d b millivolts in muterial having sheet resis-

tances of ten and one ohms per square, respactively,

Experiments on attaining higher surface coacentration in the P+
matrix resulted in sheet resistivities almost two orders of
magnitude lower than in the normal base region. This resistivity
is lov enough that the P* matrix can replace metel conductors for
short distances and en insuleting thermal silicon dioxide film

can be grown over this layer.

As previously discussed in the section on device desig:r, narrow

base vidth (v) is essential for high frequency operation and increased

current gain, Experiments were performed on the use of shallow base

and emitter diffusions in an attempt to improve th. control of the
base vidth. Wafers were processed with a base penetration of
0.065 mil and an emitter penetration of 0.035 mil, yielding a base

vidth of 0.03 mil.

More recent experiments resulted in control of the vase width
to 0.02 mils. Studies were performed on various resistivity
starting material. These studies were conducted using identical

diffusion depths in the different materials.

Evaluation of the optimum starting material was based on the

output power delivered in the UHF power gain test set, describved
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in Section D-5 of this repart. A comparison or aevices rabricated

y 1 on 6-9 ohm-cm and 3l ohm-cm starting amaterial can be seern from

the data in Table V.

It is apparent from this table that the lower resisiivity material

yields considerably more output power than the 6-9 ohm-cm material.

u*ul

On the basis of the theoretical calculations a:id experimental studies,
it vas decided that the units would be fabriccted on 3-4 ohm-cm

starting material employing shallow diffusions.

The diffusion profile and junction depths of the final samples are

1llustrated in Figure 4.

Fos- |

L, Metallizing

l Celculation of the bias voltage caused by IR drops along the base and

{ tae emitter metallized fingers indicetes that this voltage drop is
negligible for aluminum films 15 ,OOQ& thick using the modified over-
lay geametry. State-of-the-art metallizing techniques were applic-
able to the new device geometry and no refinement in this process

vas necessary.

L 5. Photoresist Techniques

] The minute dimensions of this device imposed serious limitations on

o the alignmwent fixtures associated with the photolithographic processes.
t I The dimensions necessitated the redesign of these fixtures so that
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TABLE V

POWER GAIN COMARISON OF STARTING RESISTIVITY MATEZRIAL

LOO Megacycle Measurements of TA-2507
Cocmon Emicter Configuration

Unit Resistivity| ‘in | Vem I FO ¥G n
No. ohm-cn Watts | Volts za | Watts| db %
25-2 6-9 1.0 50 175 k.7 6.7 54
26-2 6-9 1.0 50 180 L7 6.7 52
26-k 6-9 1.0 50 200 5.1 T2 51
26-5 6-9 1.0 50 180 4.8 6.8 53
26-10 6-9 1.0 50 160 L.b 6.4 55
26-11 6-9 1.0 50 200 5.0 7.0 50
31.2 3l 1.0 | 50 190 | 54 | 7.3 57
3.3 3-4 1.0 50 220 5.3 7.2 L8
67
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the wafer position, relative to the mask, could be controlled to
vithin 0.1 mil. A metallurgical microscope was adapted to be used

as the optical system in conjunction with this alipmment jig.

Experiments in the definition of patterns indicated the necessity
of an improved coating procedure for the application of the photo-
resist. Using normal whirling technigues, a pileup of photo-
resist approximately 0.1 mil high could be detected around the
periphery of the coated wvafers. This 1ip of material prevented
close contact between the photoresist mask and the coated wafer
during exposure. This resulted in a decrease in pattern defini-
tion and at times totally inadequete definition as depicted in
Figure 25. This figure shows the differcnce in édefinition betveen
vafers with and vithout the edge pileup. The photaresist pileup
vas eliminated by use of edge whirling. Ia this operation, the
vafey 18 placed awvay from the center of the whirler instead of
placing the wafer in the center. This results in eccentric revolu-
tion of the vafer and consequently, pileup around the entire edge
of the wafer cannot occur. Since the alignment system incorporates
& pivoting wafer holder, the pileup is compensated, Ix:vestiga-
tions of photoresist coating techniques, exposure time and develop-
ing techniques were performed to optimize the photoresist procedure.
These studies indicated that the degree of pattern sharpness was not
only effected by the position of the wafer on the vhirler, but by

the whirling speed and the photoresist thickness.
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Pileup of photoresist at edge of
vafer. (Note rounded cornmers of
array, loss of definition and
presence of completely or part-
1ally closed emitter areas).

$

No pileup
at edge
of wafer

FIGURE 25 EFFECT OF RIDGE OR PILEUP OF PHOTORESIST
AT EDGE OF WAFER ON PATTERN DEFINITION
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Further, the length of time that the pbotosensitive emulsion is ex~
posed greatly affects pattern sharpness. Too ghort or too long an

exposure time leads to uncontrolled dimensions in the defined pattern.

The intonsity of the light source also influences tie dogree of
sharpness attainable., Tbe optimum exposure conditions were de-
termined by extensive examination of patterns exposed under

various conditions and an uptimum time vas established for each

lamp employed.

Developing techniques vere examined in order to further improve
definition of patterns. Various developing solutions were in-

vestigated such as trichlorethylene, XPR Developer and alcohol.

Because of these studies, advances in the state-of-the-art were
realized. The degree of pattern sktarpness vas shown in Figures 1)
through 15. As previously mentioned, Figure 13 shows the highly
doped P* matrix after dfffusion into the tase region. Figure 1k
{1lustrates the registered photoresist pattern after eaitter dif-
fusion, each small square being 0.5 mil on & side. The defined

and etched reverse oxide pattern {s depicted in Figure 15. In this
figure, the emitter contacts are the small lightly shaded areas within
the emitter sites. These contuct arees are 0.3 mil on a side. A

[ ]
defined metal film approximately 30CO0A thick is shown in Figure 16.

These figures indicate the degree of sharpness now attainable

T0
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using these recent advances in photolitnosrepnic techniques.
The resolution is not determined uy auy one step in the pro-
cess., All the phases are interdependent; the coating,exposure,

development and baking must be optimized as a group.

D. DEVICE EVALUATION

1.

Direct Current Parameters

ATekironix Type 575 Transistor Curve Tracer was us.d Lo measure

the static forward current transfer ratio (hFE)' saturation volt-
1 N

age Vcs(sat), sustaining voltage (LVCER)’ collector-base breakdown

voltage (VCBO) and the collector cutoff voltage (VCEO)'

Other direct current paraceters were measured using a Yeithley 610A

Electrometer. These parameters include:

IEBO at VEBO = Ly

I at V = Lov

CBO CBO

ICES at VCES = Lov
Collector capacitance (Cob) at a collector voltage of 40 volts was

measured on a Boonton Model 75A-S8 Capacitance Bridge.

Table VI lists the direct current parameters of the experimental

model transistors delivered.

Tables VII and VIII list the direct current parameters of the final

two hundred transistors delivered during this contract. Table VII
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is data on twenty units delivered prior to the required delivery

date while Tatle VIII shows datu oa the later 180 final samples.

The collector cutoff current (ICES) 1s measured using a Keithley
Instruments Model 61CA Electrometer and an Electronic Research
Associates Model 210 transistorized power supply. A lov leaksge
socket is used for the device measurements. The small amount

of socket leakage current is compensated in the meter deflec-
tion prior to the messurements. The Keithley Electrometer has
an accuracy of 1 percent and the direct current voltmeters used

to zonitor the source are also calitrated within one percent.,

Figure 26 shows a distriubtion of the collector cutoff curreat
(ICES) at a collector voltage of 40 volts. It can re seen fram
this curve that 75 percent of the final units had coliectar cut-

off currents less tha: thc.bhjeczivc of 100 microamperes.

A distribution of Vc?(sat) at a collector current of 750 milli-
azperes and a base drive current of 1k0 milliamperes is shown

in Figure 27. The value of Vcs(sat) vas measured on a calibrated

Tektronix Model 579 transistor curve tracer oy the introduction of

seven base generator steps of 20 milliam=perecs each.

The sustaining voltage (LVCER) at a collector current of 50 milli-

amperes direct current through a collector circuit resistance of

10 ohms is presented in Figure 28,

The collector capacitance (cob) measured at a collector potential

of 40 volts is shown in Figure 29. This capacitance is measured
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TABLE VI

DIRECT CURRENT PARAMETERS ON EXPERIMENTAL MODEL TRANSISTORS

Experimental Model Transistor Delivery Number 1
- = - e = e e ——— —_— e ]
Wogm Vct(ntT
=150ma | C
Iceo |[Tces | Tczs | Teso |%™®™ |, Tt k i
Unit 5V 28v | 75V sv | Reln I"f}s&;c"’m“ 28v
No. L8 8 ua pe Volts c Volts ppl’
1 3.6 0.58 | 0.8 0.2 110 112 0.28 R
2 0.05 0.012 .015 0.2 10 175 0.24 5.42
(60V) (60v)
3 0.009 {0.005 | 0.007 0.7 100 140 0.25 5.50
10 6k 1.05 |1.05 0.2 98 200 0.24 5.Th
(60v) (60v)
11 0.18 0.035 | 0.04 0.2 110 200 0.25 5.45
12 .0005 | .0001| .COOk | 0.2 110 219 0.25 5.46
_Experimect .1 Model Transistor Delivery Number 2
Wegr ey Veglsat)
=3 I =700ma| C
Texo Tees |Tces | 'emo | %™ | 15 toadpama | o
Unit 5V 28v 75V sV |RalON CE B 28v
No. ua 1A e 8 Volts Ic‘)jn Volts upl
1 0003 ].0005 | ,000 1;5 10 90 0.12 14.9
3 9000 95.0 |170 120 80 0.1h4 15.5
12 .00k .0015 | .00k €8 135 80 0.15 13.6
13 . 00k 001 |.003 120 130 120 0.14 13.8
15 1.4 .09 .30 115 180 1ks 0.1h 14.0
16 500 .25 .30 100 120 s 0.15 13.9
20 135 5.6 11 105 170 120 0.1k 13.7
Experimental Model Transistor Delivery Number 3
v I v v v v Veg(sat)| ¢
cpo | g0 | Yoeo |Yemx |Vemo |Eer | "re| Pex | © oo
Unit | 1008 g | (sus) [100,a 1008 | 1.0a l00ma |1.0a |Tc™TA | o8y
KNo. Volts | Ax10 Volts |Volts| Volts| Volts | LV 10V | Ige. LA | pt
25.2 | 125 0.30 150 125 | 5.5 - 1§ 5 2.0 5.9
26-2 8 | 0.50 95 72 | 5.2 |1.15 Lo |10 1.2 5.45
26-4 70 0.36 75 60 | 1.4 1.2 b2 -f 1k 0.95 5.48
26-5 T4 | 100 100 65 | 51 | %S 8 |14 0.8 5.33
26-10 | 80 0.66 105 8 | k6 |1.2 "8 0.7 5.51
26.11 | 65 [1.2a0° | 90 70 | 5.0 |1.3 n |13 0.95 | 5.21
[F]
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TABLE VII
DIRECT CURRENT PARAMETERS OF FINAL TA-2307 TRANSISTORS

F : Final Transistor Qqﬁvem Mgmber 2 = 714
!
‘ Vero | Tero Tepo Vee | Vemx |VEBo | Bre | Bre Ic-"{? Cob
B R ERIT | S e e Y
i 37-27| 65 5.0 [2.9 x 108 88 50 5.0 8.0 9.5 2.5 |8.79
34.15| 70 | 0.001/1.8 x10°2%| 90 | 70 5.5 |1.3]12.0] 1.5 |[b.
l sl 70 | 5.0 |w2x108 | 78 60 5.0 | 7.7]1%.2| 1.1 [8.28
3-19! 80 | 0.001/1.6 x 102! 80 |79 | 5.0 |w.sf1.1| 2.0 |6
l 37-30] 62 | 0.20 [9.0x 2077 | 95 60 4.0 7| 833 3.0 25
37-551 65 . 1.0 [19x107 | 8 15.5 | 5.0 1.4 ] 6,29 1.3 18.86
l #.18] 82 | ¢.001[1.8 x 15710 | 97 80 5.0 ;16711 2.1 [6.70
i 5%.% | 8¢ | .06 [1.1 x 107 80 7 | s.¢ |16.811.2]| 2.5 16.88
cmi 110 |15 Ju3x100? | v |3 L.o |[28.3[18.2| 1% [6.83
{ L1-53{ 68 | 4.0 |14 x10°' | 80 68 5.0 | 5.5[12.5| 1.3 |8.15
57-9 | 50 8.0 h.axlo"S 82 1k 5.0 |[22.1])16.7| 1.7 [7.1%
' K1-22| 53 — laawx10’ | 10 53 5.0 | 9.1 (w.7| 0.6 [8.15
41-27| 57 2.0 [2.2 x 1078 8o | 48 5.0 |38.29.1| 1.8 |[7.66
349 | 80 0.001[1.0 x 10°2 | 100 80 5.0 (29.4 [16.7| 2.2 |7.15
3.3 |75 | 0.0k |1.3x 1070 | 95 70 5.1 |25.0 | 6.35| 1.6 |5.90
371-23|70 | 0.1 [8.3x10°7 | 90 70 5.0 | 6,983 31 |77
34-1 | 90 Ok (2.2 x 10719 | 100 90 1.6 12,0 [ 8.3| 2.0 [6.50
26-31| 98 .07 (2.2 x 10'8 ko 82 k.o 33.0 {10.0 Lall 5:12
30-20 | 80 08 |14 x 107% | 110 50 6.0 [16.0 |22.5 | 0.6 |5.39
kb2 | 71 12 2.1 x 1078 1s 48 k.9 |40.0 [24.3 | 1.4 |6.60
%
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TABLE VIII
DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRANSISTORS

Final Transistor Delivery Number 2
ceo | Yezo | IEBO Icpo Ices Weer| e |Vee!®2t)| Cop
Unit 100ua{l 00ua Lv Lov Lov 50ma. VCE-IOV 10'75_°°‘. Lov

No. Volts| Volts| Amperes Aperes Amperes R-108 |I,-350me| In-140ma| puf

37-20 70 1 |48 x 10’6 2.9 x 10'6 3,9 x 1o'h 91 1k.0 1.2 6.88

37.22 | s2 | b2 |6.8 x200]2.0 x208]1.2x20%| 90 | 135 | 12 7.0

37-25 | G1 27 6.8 x 10’6 1.6 x 10'6 1.4 x 10'“ 90 7.8 1.6 7.58

37-28 | 44 | 22 8.6 x 10’“ 9.7 x 1077 | 2.2 x 207" 95 9.2 %58 | 7.63

729 | 68 | 65 [5.8x120° 12x10T {23200 202 | 7.0 | 2.4 |6.63
4o-11 | 80 | 8¢ [4.0 x 1072 6.2 x 107} 6.2 x 10'1% 100 | 0.9 | 12 |71.07
ook | 76 | 76 [4.2 x207 1.8 x209 1.8 x107| 94 | 12.7 | 115 | 7.23
vo-22 |76 | 1 |nux120 122207922 x207%100 | 162 | L0 |72
40-28 | 60 | 35 5.7 x 1077 |2.8 x 107 [1.6 x 20| 85 | 10.9 1.8 7.2k

6 11.3 1.1 "9

h1-) 60 60 |4.6 x 107 |2.2 x 1079 2.2 x 1077

n
k-2 | 65 | 65 [6.0x10°7 [b.2 x107 |k.1 x 207 | &2 | 125 | 10 | 7.26
80

bk | 65 | 65 |4 x 207 |5.2 x 1079 | 3.0 x 107 .7 | s |17.9

-8 |68 | 68 [u2x10%|5kx20? 58x209|8 | 6.8 | 2.6 |6.9
b1-9 |55 |55 [9.8x20 7 |2.3x w0 |a3x10? | M | 6.8 | 30 |6.25

41-10 | 43 | 15 |[6.7 x 2078 5,8 x 2077 {24 x 107 8 | 1.7 1.6 7.56

k1-s3 |80 | Lo [k.2 x 1076 8.0 x 107 [8.2 x 2070 105 | 21.8 sl 7.6

b1-67 |75 [ 25 [>T «x 10'6 2.2 x10°7 1.7 x 10°% |100 17.5 49 7.57
K-76 [69 |25 [6.0x 10’6 6.4 x 10'6 1.6 x 10'" 90 | 1k.0 " 6.75
b1-92 |32 | 16 [k.4 x 10'6 1.5 & 10’“ 3.k x 1o'h 39 | 230 1.b 7.19

b A0, 5 NS T et o = 22~
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TABLE VIII (Cont.)

DIRECT CURRENT PARAMCTER OF FINAL TA-2307 TRANSISIORS

Final Transistor Delivery Number 2

$556 o001 “ime &0 Iegs Wom| bpp  Neglsat) [Cog
Unit  |100ua{100use Lv Lov Lov 50ma | Vop-10V Lc-’lim Lov ‘
No. Volts|Volts] Amperes Azperes Amperes |[R-100 IC-35OCJ IB-lhOms. pufl
b2-5 61 17 k.1 x 10'6 1.4 x 1o‘6 2.0 x 107 79| 23.1 85 | 811
b2-6 |8 |20 [1.2x1077 | 8.2 x2082.1 220" 75 25.0 .13 | 8.13
b2-16 |60 |22 |9.0 x 1o'6 3.5 x 10024 x 107 T2 | 13.k 1.0 8.19
k2-29 |60 |2 [5.8x10°% |14 x2052.0x20| 5] 97| 1.2 | 8.k
k2.22 |50 | 7.016.6 x 10'6 5.8 x 107%|1,4 x 10'1‘ 70 6.7 .9 [10.05
b2-29 |58 |28 |5.9x 1076 2.3 x 107 L3 x 107 80 | 16.5 .81 | 8.67
k2-32 |56 |15 k.8 x 1076 9.6 x 10%|2.8 x 10’!‘ 75 | 18.4 .81 | 8.8
k2-3%6 |67 |65 |5.5 x 106 1 1.8 x 106 9.4 x 107 | 72 | 20.0 .62 | 9,80
k2-ko |60 |10 [2.bx10™” | 7.8 x 20°8[3.0 x 208 | 75 | 16.5 8 | 8.
b2-b6 |59 |20 [5.4 x 10'6 3.2 x 10°6(1.8 x 10°% 75 | 13.4 il 8.49
b2-sk | 51 35 4,3 x 10'6 5.6 x 10°]1.4 x 10% | & 25.0 1.45 | 6,62
2-63 (58 |30 |bbx10C |68x1086.8x108| 75| 9.0 | .8 |83
L2-64 | 66 55 |8.4 x10°7 | 7.2 x 10'8 2.5 x 10”2 92 39.0 .50 | 6.96
b2-65 |60 |25 |49 x 10'6 8.0 x 10'6 1.0 x 10"‘ 90 | 16.5 o P+ 6.89
42-66 |75 |12 |4.6 x 107® | bk x 1076 3.9 x 107 91 | 22.0 1.5 6.76
267 |60 |30 [s.b x1207 1.6 x 2075[1.2 x 107 89 | 17.4 1.4 6.67
k2-68 |70 |20 (5.3 x 1076 | 5.6 x 10%(5.8 x 107 9% | 3.9 1.1 6.49
k2-69 |50 |12 [6.0 x 106 |2.2 x 107 5.2 x w0t | 73| wo .79 | 8.70
b-m |69 |61 .8 x10® |1.7x20Bpux100 | o | 233 | 14 |6.67
76
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TABLE VIII (Cont.)

DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRANSISTCRS

Final Transistor Delivery Number 2

Vemo [Veeo | Timo Iceo Tces  [“Yeem| "pe [ce(sst) | Cop
Vait  |100ua|100ua] 4V kov hov.  |sOma [Vp-lOV [r,-750ma | Loy
No. Volts|Volts| Acperes Amperes ;n:pcres R-100 I,-350ma. xﬁ-lhOm ppt
be-72 |62 |50 [5.8 x2070 (6.1 x20% [5.6x10%| o1 | 291 | 1.2 | 6.61
he-7h |50 |50 [6.2x207 [2.6 209 |44 x200| 72 | 175 | 12 | 697
be-75 | 60 | b5 4.8 x1200 {1.6 x10% [ 3.6 x120°| 92 | 69.5 | 1.1 | 6.38
b2-78 |73 |30 [4.6x200 [2.3x207 |13x20% 200 | 29.2 | 1.3 | 6.3
k281 |40 |12 [2.k x20% [1.bx20Y [Lox10" 205 | 259 | .95 | -
k282 |65 |ko [4.8x20% [5.1x207 [9.1x205| 95 | 30 | 1.1 |63
k283 |40 [6.0/2.6x20° [1.1x10" |71x20"| 82 [ 253 | 1.0 | 7.5
32 |60 [60 [1.bx100 [1.3x100013x30%9 o4 | 2.9 | .9 |6.53
43-6 n |n |1.9x 10’6 3.4 x 20729 3.4 x 10739 9 | 3.0 .8 6.7
83-7 |73 |73 [5.0x207 [6.2 x10°7 |1.2x207 100 | 170 | 12 | 6.26
k38 |60 |60 [9.0x1200 [T.2x10V |72 x20 % [wo | .9 |66
Ly.2 L8 0 b2 x 10'6 6.3 x 1076 7.6 x 1074 70 | 14,6 1.k 6.56
W (6 |43 [38x10° Bax107 |shx10] 85 |6 | 1.8 |62
W-5 |60 |60 [5.6x10° [51x100350x1200 8 [0 | 1.6 |s. 57
Ly-8 58 |s6 1.9 x 106 .1 x 1078 2.2x107 | 8 |1ko 1.k 6.73
Lh-12 (69 |53 7.4 x 10 [2.0 x 10 1.9 x 107 | 80 | 1k.0 b 7% 6.57
W21 |65 |65 [9.b x1077 [3.2 x2010 |32 x10710 80 |20.0 | 1.2 |6.%
by-26 (61 |61 |[b.1 x 1o'6 2.2 x 1070 | k.1 x 10’6 80 |15.9 1.4 6.66
by-27 |65 |65 [3.8 x 1o'6 5.8 x 1077 8.1 x 1076 | 89 37 2.0 6.48

I
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TABLE VIII (Cont.)

DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRANSISTORS

Final Transistor Delivery Number 2

© o e A T T ST s

2 Veso Veeo Teno Tes  Pom | Prz [Vcet®t) |Cos
: Unit 100uJ 100ua Lv Lov Lov o | V10V [[,-T50me kov
I No. Volts| Volts| Amperes Azperes Arperes R-100 | Is-350ma, Ip-140ue| et
' ¢ W33 | 65 | 65 [9.5 x10°7|1.9 x 1019 2,0 x 1029 g2 | 19.4 | 1k [6.23
-3 | 67 | 67 [9.0 x10°6]2.0 x21019/2,0 x 20729 g0 | 13.5 | 1.6 [6.48
i { w.38 |63 | 60 5.8 x20%]1.2x20|2.7x20%] 90 | m.7 | 1.8 [6.47
i Wy |65 | 64 |9.2x10°T|2.2x208 2.6 x200 | 8 | 1.5 | 13 |6.77
{ bh-43 66 | 57 |4.0x 10°619.2 x 108 |44 x 107 | 90 1k.0 1.6 [6.51
- W46 |75 | 75 9.1 x10°7[8.4 x 1077 18,6 x 1077 [100 | 27.7 | 2.0 [6.26
wese | m |7 |34 x10%|5.9 x 109 (8.6 x 207 |100 8.8 | 2.0 |6.45
] bess | 65 | 60 6.6 x20°T|3.1 x10°0 [b5x10% | g2 | 180 | 11 |62
r sk |60 | 60 [3.2 x120]2.8 x2030(1.8 x 10719 g0 8.5 | 2.; |6
1 4k4-56 7% | 75 15.0 x 10'6 :2.‘3 x 1071028 x 10°19| 8 8.75 | 2.0 |6.6%
I s |75 | 75 [9.0 x0T [1.8 x208 [1.2x206 [ 90 | 10,0 | 2.0 [6.55
‘ W58 |65 |65 [8.0 x10°|2.k x 207102,k x 1076 | 97 Ll les
[ 4463 7 | 70 |k.0 x 1076 I7.8 x 10°7 |6.2 x 1076 95 11.7 1.8 6.1
‘ b5 |18 |45 [2.8%200 5.9 %100 B.6x10C |98 | 7.8 | 2k |66
1 4466 n | |36x 1o6 3.0 x 1028 |1.8 x 10‘5 97 8.3 | 2.0 [6.%
L4-70 7 |70 [9.2 x 1o"‘ 7.1 x 1077 |1.6 x 10'6 97 12,5 2.2 6.59
Ww.nn |62 (0.0 b9 x 2077 [1.2 x 207 [3.0 x20% |99 | uh.o0 .8 668
f W72 |65 |63 [9.0x10°7 {1.6 x202%01.4 x2071%| 95 | 128 | 1.8 [6.15

8
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TABLE VIII (Cont.)

DIRECT CURRENT PARA}ETER OF FINAL TA-2307 TRANSISTORS

Flaal Tracsistor Delivery Number 2

= e, Sy, ==t 5 M'

Vero vc:o Izmo Ieno Icgs  (Wegm | hep ch( sat) Con
Uit  |100ua] 100us) by kov bV |50m8 (V.oelOV [Th-Tooma| LOV
Ko. Volts| Volts| Amperes ""‘f“ Azperes [R-100 Ic-gsomq.'lﬁ-ll‘o-n puf
W73 | 68 | 68 [6.4 x 107 2.0 x m’ld 2.0 x 10"19 g9 8.8 2.2 6.22
Lh-76 | 65 | 65 5.8 x10°T[1.9x1079 (1.2 x10°%[100 | 20.6 | 1.0 | 6.3
W78 |70 | 50 |5.4 x2070 (3.2« 1077 |4,8 x 1077 | 9 17.5 1.8 6.28
W79 | 68 | 65 |54 x200 |14 x206]5.2x120%] 90 | w0 | 1.9 | 6.69
Lk -60 | g | 20 |bbx 200 6.5 x 107 [1.0 x 207 |18 | 25.0 1.9 5.75
W |72 |12 6.6 x2008.8x 10'8 2.8 x 1077 | 105 1k, 5 1.8 | 5.8
82 [69 | 61 [5.1 x 200 [9.8 x 107 l2.2 x 10° (100 | 1.6 | 2.2 ; 6.3
LL -8, " % | ko Is.o x 10 12.1 x 207 [8.0 x 1070 95 17.5 2.0 l 6.25
-85 | 1 ‘ 7 (5.5 x 20 [1.3 x 20719115 x 1029| 95 9.2 | 2.0 l 6.02
W86 | 65 : 65 [L.8 x 10" '8.8 x 10710 1..8 x 1o'8 85 13.0 1.9 6.62
Lh-87a |75 | 75 |3.0 x 107" 11,5 x 100 |34 x10° |05 | 184 | 2.0 | 6.2
w87 |68 | 68 |b.7x107C 9.8 x 1o'u|1.2 x10%000 | 232 | 2.4 | sl
bh-93 168 | 60 4.8 x 10'6 1.4 x 2079 [u.0 x 1677 [200 19.5 2.0 &.)
Mgk (7 [T (6.6 x10° [ x2000 x 2000 81 | 100 | 2.0 | 6.3
bhgs |66 | 63 |57 x 1076 3.4 x 108 1.8 x 10™° | 80 13.5 2.7 6.5
bh-96 | T2 | 65 [b.5x10™ |1.6 x107T [b.b x207° hoo |15.9 | 2.1 | 5.8
W97 {73 |35 |h.2x200 |1.5x107 [9.3x105 |90 |12.6 | 1.9 6.5
W98 |70 |70 |5.2x20% [1.5x1077 |5.1 x 2075 hoo 9.5 | 2.5 .
W-100 [60 |58 |28 x107® 3.4 x 208 |56 x120% |89 |m.6 |21 |6.29
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TABLE VIII (Cont.)
DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRAKSISTORS

Final Transistor Delivery MNumber 2

VeBo [Yeeo | Temo Iceo Tgs [FVeer| g [Ver(sat) | Cop
Unit 100ua| 100us Ly kov Lov 50ma | Vop-10V [I,-75Qma | LoV
No. Volts| Volts| Amperes Acperes Arzperes  R-100 Ic-jsmal Ig-14Omay puf
M-20% [ 70 [ 69 [4.8 x1200]5.2x100 [1.6x205] 85| 134 | 24 | 6.67
W-105 | 70 | 70 !5.2%x200]1.5x102° 1.5 x12029 g0 | ko | 2.6 | 6.4k
M108 | 62 | 62 [6.2x20™|1.6x10°7 |15x20°| 80| 7.8 | 15 | 6.26
b4-209 { 64 | 6% [9.1 x20°7|1.8x1079 [1.8x2069] 70| 17.5 | 2.3 | 6.0
4220 | 75 | 75 |4.4 x 2070 [4.0 x 20720 4 ¢ x 10729 % | 19.k .95 | 6.22
W20k | 62 | 62 [7.0x 200 [2.0x20 ;2.0x200| 79| 100 | 2., | 6.7
bh-113 | 72 T2 15.5x 10'6 by x 107tV 7.1 x 102 | 90 | 18.4 2.1 7.79
W1k [ 61 | 60 | 4 x1200|3.0x20% [ukx106 (85| 875 .9 | 6.8
w126 | 65 | 62 |h3x120C|2.0x108 [1.2x200%] 70| 85 | 2.5 |60
by-118 | 73 | 50 [b.2 x 107 2.6 x 107 5.7x10™° | 80 | 12,0 | 2.4 5.k2
bh-121 |72 | 3.5 [7.2 x 107 7.0 x 106 2.6 x 107 | 80 13.b 2.6 5.%9
byh-12% 1 76 | 14 [L.b x 10'6 7.0 x 10'6 2.6 x 10"‘ 100 | 1ik.0 1.8 5.95
W12k |70 |70 [b.1x2072[6.0x10710 24 x20C | 2 | w3 | 2.0 | 655
o127 (28 |20 |h2 x200 [2.3 x20% [2.3x20% |69 | 25.0 | 1.6 | 6.14
W-131 |69 |68 [5.8x100 |12 x2010 1.2 x102% 73 | .6 1.95 | 6.52
bh-134 |68 | 68 |L.6 x 20 1.4 x 10% 1.1« 107° 70 9.0 2.1 6.3
136 |59 |59 [6.0 x 10 2.4 x 10720 |2,k x 10719/ 80 | 10.6 | 2.0 | 6.6
w137 f77 |75 B8 x100 [50x1008 Jeox10 hos | 1.7 | 23 s
W-138 |69 |68 [u.1x 10 |34 x 10720 5.4 x 20729100 9.2 2.3 6.76

80




. TABLE VIII (Coat.)
DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRANSISTONS

Fipal Transistor Delivery Number 2

Veso|Veeo | Tmmo Tepo Ies  [Wem| Ppe | Vex(sat)|Cop

Uait ]OOua [*00ua L Lov OV [SOma |Vog-10V .- 750ma | Lov

Yo, Volts [Volts| Amperes A=peres Azperes R-100|I~-350maf Io-140ma| puf
bho239( 70 | 70 | 4.2 x200] 3.3 x 208 | 4.2 x 206|200 | .0 | 2.0 | 6.03

bh-140| 59 | 59 | kb x 106[1.8 x 108 1.4 x 1079 | & 8.55| 2.0 5.35

Me-2bd | 70 | 30 | 8.5x207%(2.2 x206 1.2 x1006] 90 | w0 | 21 | ko3

B1b7] 70 | 70 | 4.5 x 2076 1.6 x 1019 1.6 x 10719 g 109 | 1.2 | 6.8
babB | 73 | 72 [ 2.2 x 10-6 5.0 x 10"8 2.4 x1079 | & 20.3 1.8 2.53

bhal51 | 72 | W3 | 5.6 x 10'6 5.2 x 108 5.6 x 1077 | 87 25.0 1.6 6.20

152 [ c2 | 62 | 4.6 x 100 3.6 x 109 12.6 x 1078 T 9.2 8.0 6.20

Bh-15% | 63 [ 62 | 4.6 x 106 1.6 x 10291.6 x20719 81 | 12.9 | 2.0 |6.68

l bh-159 | 62 | €1 | 2k x207° (b9 x20794.9 %120 8 | 159 | 1.6 |e72
' w160 | 73 | 73 | 7.2 x 2078 [5.0 x 20 1%4.5 x 1039 100 | 218 | 1.0 6.57
W-167 | 8 | 8 [1.0x207 1.1 x 2079 |1.1 x 2079 | TL | 26.9 1.1 7.00

W.268 [ 60 | 60 |3.0x10™" [9.6 x 2011%2.1 x109 | 88 | 22.3 | 1.1 | 6.8

ko169 | 69 | 68 |1.2 x 10'5 7.0 x 10°7 |6.8 x 107 90 39.0 .95 | 6.86

170 [ 70 | 70 | 7.0 x 2076 | 7.8 x 1072°[8.0 x 2029100 | 1k.6 | 1.2 6.75

Mo [ 76 | 69 5.0 x207 (1.8 x 2077 [6.2 x100 103 | 70.0 | .8 |6.80

War2 | 76 | 70 | 2521207 |1.9 x 2079 1.9 x 109 |100 70.0 .9 | 7.4k

W17k | 70 | 69 3.0 1207 (6.6 x 2080066 x 2107100 o1 [ 152 | 1.1 | 7.06

bha175 | 75 | 60 |7.6 x 207 |2.0 x 209 |2.0 x 107 |100 | s0.0 .9 6.7

| { W-280 | 70 | 60 [9.1 x 207 [5.2 x 102005.2 x 10720| 98 | wy.0 | 1. 6.79

' 81
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TABLE VIII (Cont.)

DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRANSISTOR

Final Transistor Delivery Jumber 2

TVeso| Yero|  Zmmo Icpo Ies [em| Pre |Vez(est) | Con
Unit  [100us [100ua v kov WOV  [s0ma [Vp-l0V |Ip-Tsoma | 4OV
No. Volts [Volts | Asperes Amperes Amperes R-108Q [I.-350ma {ajkm T g
bh-181 60 |9.2x108]1.9x109|1.9x209| 93| wo | 1.1 | 67
w182 8 | 35 | 5.8 x10°7]2.6 x101%2.8 x102q 86 | w10 | 1.05 | 6.8
W-185] 70 | 65 |9.8 x10719 3.8 x 101938 x10°19 90 | 2.8 [ 1.1 7. 04
waass| 70 | 69 [8.2 x207T |h6x 20t [K.6 x20M 200 | 235 | 1k | -
w186 2 | 72 |6.0x208 7.6 x 201974 x2029 90 | 13.0 | 1.5 6.78
w187 70 | 70 [38 x20% 3722093572109 90 | 500 | 11 | Tk
w-190| 65 | 21 | 7.9 x 10 [1.8 x 2077 5.6 x 107 [200 | 63.2 9 | 68&
w195| 68 | 65 [1.6x200 [3.6x108 [b2x10| 82 | 2.9 [ 2 6.70
Lh-196 7 |2.7x 1070 4,9 x 10”7 |59 x 109 ] 95 | s8.0 1.9 7.08
W-199| 55 | 19 |6.0 x 20" [6.6 x 107 (2.6 x 10%) 65 | 20,0 | 1.8 6.22
w20e| 55 |-40 |7.4 x108 (4.8 x107% [1.2x20M | 8 | 1.7 | 135 | 6.55
Lh204| 56 | 23 [2.7 x 10"‘ 5.2 x 1077 [2,h x w0k | 65 | 17.7 k0 6.05
w-206| 60 | 60 |5.7 x 21077 |1.6 x 10 3.2 x 10| 69 | 15,9 | 2.0 6.9
w209 55 | 14 [6.4 x 10°T [6.0 x 106 [2.6 x 10 | 70 | W0 | 1.65 | 6.09
w1l 62 | 62 2.0 x10 |1.1 x109 |11 x109 | 80 | 17.5 | 1.8 6.25
Wh.213| 62 62 |2.3 x 10'6 1.2 x 1079 |1.2 x 1079 | 80 17.5 =7 6,41
w214 ] 53 | 48 | .5 x10 |3.6 x10°7 |36 x 10T | 80 | m.7 | 1.2 6.5k
w-215| 66 | 50 [7.4 x 108 |5.4 x 102002,k x 209 | 81 | 87.5 | 1.8 6.70
W-218] 57 | 57 I7.0 x 10”7 ﬂ6.8 x 109 8.6 x 10 | 68 é).} 2.5 5.98
&
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TABLE VIII (Coat.)

DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRARSISTOR

Final Transistor Delivery Nusber 2

Vepo | Yoro|  Immo Icpo Ies [omm| Prr [ozlest) [Cop
Unit | 200ual 200ua] kv Lov OV | Soma [Vep-10V [1o-TSORe | koV
No. Volts Volts | Amperes Am>eres Amperes  R-100| In-350mef fB-lM pus
W29 | 62 | 29 [2.6 x 20| 6.0 x120°T (1.4 x20*| 7 | 167 | 2.2 6.%
w225 | 59 | 52 9.1 x 200 {9.6 x107 |2.7x20%| 72 | 46.6 | 1.3 6.%
W23 | 48 | 48 [3.6 x 20 [5.0x2075 [4.0x205| 8 | 203 | 2.5 .
W2 | 68 | 62 | .8 x120°[7.0x10197.0x109 o1 | 39.9 | 1.7 6.22
w222 | 65 | 65 8.0 x202]9.0x1029.0x109 72 | 3.0 [ 1.9 6.24
wi2se | 53 | 25 (6.2 x 207 6.4 x 1075 |2.0 x 10°%| 92 | 26.0 | 2.0 7.48
bs-2 | 72 | 60 |51 x206(2.5x208 |2.9x20%] 82 | 234 | 1,75 |6.6
452 65 | 50 6.6 x 107 5.2 x 106 |1.9 x 207 [100 | 39.0 1.6 5.3
L5-3 62 | 62 [4.5x20° 7.0 x209 7.1 x20%| 81 | 150 | 1.6 6.4
bs-6 | 62 | 16 |u.2x 100 (16 x100 [2.5x20 | 8 | 19.0 | 1.2 |61
L5-8 %8 | 2.8 {4.0x100 1.2 x 107 [6.6 x 207 89 | i7.0 1.6 6.7
k5-9 60 | 35 [4.0x120 2.9 x1077 8.6 x 107 | 83 | 1.0 1.5 6.3
45-0 | 78 | 9.0 4.7 x 20 1.8 x 106 [8.6 x10% | 80 | 17.0 | 1.2 6.3
k5.2 | 70 | 2 [9.0x 2077 [5.2 x 1077 {1.8 x 10™* |200 | 19.0 | 1.0 6.0
45-13 | 80 | 1% |38 x20 2.2 x10°7 |35 x 20" {100 | 1.0 | 1.8 6.2
bs-1k 85 | 20 .k x 1076 (8.8 x 10°7 [8.0 x 107* | 100 175 3 6.11
45-27 | 70 | %6 |9.0x20°7 (3.8 x10°7 [8.0x 1070 | 90 | 20.0 | 1.5 6.5
4520 | 79 | 19 |5.2 x207* 6.3 x 106 [8.6 x 108 | 95 | 1.0 | 1.6 6.4
b5-210 | 72 | 72 3.6 x 200 |5.0 x 1025.0 x 2013 o4 | 1k0 | 1.8 6.46
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DIRECT CURRENT PARAMETER OF FINAL TA-2307 TRANSISTOR

TABLE VIII (Cont.)

Final Transistor Delivery Number 2

Vemo |Vezo | Zmmo Itpo Ies  [Yom| " |Veg(sst) | Sop
Unit  |100ua|100ua) Lv Lov kov 50ma |Vop-10V |In=T50ma | bOV
Yo. Volts|Volts| Amperes Amperes | Amperes R-100I.-350ma %-lh&m put
L5-22 720 | 9.0 | 4.4 x 1076 9.8 x10°7 |5.6 x 10| 95 | 23.0 1.6 5.9
k523 | 70| 70| 4.0 x 20™ | 2.6 x 107192.6 x 10739 82 | 16.0 | 1.6 6.8
us-26 | 75 | 65| 8.6x107[2.2x1208]1.9x10%| 95| 150 | 2.8 | 7.3
b5-29 | 75 | 42| 9.5x1077 1.8 x20° T [6.0x207| 70 | 21.0 | 1.8 6.22
45-39 33 |6.0 | 4.1 x10% 1.2 x 20™ 3.6 x 207 5 | 14,0 b | 62
45-34 68 | 30| 3.6 x 107 [ 1.6 x 10 |1.2 x 107" 90 | 19.0 1.6 6.38
45-35 | 68 | 68 | 9.0 x 2077 [1.8 x 10719(1.8 x 20729 95 | 1.0 | 1.5 6.3
45-% | 70 | 12 | 4.6 x10® (4.0 x 107 |5.0 x20% | 95 | 25.0 | 1.6 | 6.1
45-39 | 50 | 10 | 8.5 x 1077 |5.6 x 1077 |9.2 x 10% |100 | 29.0 | 1.6 5.7
L5-41 80 | 13 | h.o x 207 5.8 x 1077 3.9 x 10°% I 98 | 1.0 1.9 6.0
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on a Boonton Type Model 7T5A-S8 Capacitance Bridge. Capacitance
effects associated witn the device socket are nulled out of the
equipment prior to measuremeant of the devices. The accuracy of
the capacitance bridge is 2} percent., A precision voltmeter

having an accuracy of one percent is used to monitar the collector

voltage.

The emitter cutoff current (IEBO) at k.0 volts reverse bias bet-
veen emitter and base and the collector-base leakage current (ICBO)
at 40 volts reverse bias between collector and base given in

Table VIII are measured in the sazme eguipment as the collector cut-

off current (ICES>'

The collector base breakdown voltage (VCBO) and the collector emitter
breakdown voltage (VCEO) at 100 microazperes are measured using a
calibrated Tektronix Curve Tracer. Ti.is d.ta is presented in the

table.

The static forward current transfer ratio (hFE) 18 measured at a
collector potential of 10 volts and a collector current of 350
milliamperes using the Tektronix Curve Tracer. The measurements of

this parameter on the final saxples are shown in the table.

Radio Frequency Parameters

a., Measurement of r

bb'

The bese lead resistance was measured on & General Radio bridge.

The input impedance h1e vas measur=d as a function ol frequency.

89
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The results vere plotted on a S8mith Chart and the point
vhere the curve intersected the real axis, showing zero
reactance, vas taken &8 This occurred at about 200 me
vhere subsequent units vere measwed. Sample measuresents

of rb ,00 the fimal transistors are shown in Table IX.

b
b. lessuremegt of f,

Oain-bandvidth (tr) is determined by messuring h, at &
frequency vbere b, 1is decreasing at 64b/octave and using

the equation:

fT - hr x £ messurement,
e

Devices wvere sampled for f.r peasurements at a collector

voltage of 10 volts, & collector current of 200 millismperes
~and a frequency of 50;) megacycles. The measured values are

presented in Table IX. The measurement vas made on & GR-1607-A

transfer function and emittance bridge.

3. Mechanical and Envirommental

Ten finished transistors vere subjected to Group B inspection. The

tests i{ncluded in this inspection vere:

1. Moisture Resistance (helium leak test)
2. Vibration (variable frequency)

3, S8hock (non-operating, 500g)

k., Constant Acceleration (10,000g)

5. Temperature Cycling (-65°C to 200°C 5 cycles)
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SANPLE MEASUREMENTS OF

TABLE IX

S SPREADING RESISTANIE,

r,,' MWD GAIN BANDWIDIH PRODUCT, f:
g P I r
Vatt ‘I"cf-"‘dE o) ¥C§B o Uait ¥°§§2cl>gsvn chezég:"
¥o. fa S00mc | = 500mc Yo. fa so0mc | Fa250 me
31-27 3% . k2-68 755 -
3%.13 398 . L2-69 700 10.6
b1-3% 550 . k2.2 70 | 120
-l Lo - Ls-87 1720 | .
37-30 ks . Lk -105 635 g :
37-33 586 - 4%-110 695 5
-18 290 - bk-113 750 =
315 520 - kk-127 680 -
37-7 604 g Lk-137 685 | 12,
k1-33 528 . bk-138 65C 12,
37-9 588 . kk-151 770 | .
hk1-32 552 = Lh-152 685 | a
k1-27 L% 8 LL.168 590 10.1
3%.9 520 . Lk-270 560 10.5
3-3 270 . Lb-182 625 1.6
37.23 L3o . Lk -184 665 12,3
3l 380 - 44-186 585 -
26-31 158 - Ik-187 680 -
30-20 266 - kk-199 725 -
b2 LL8 - Ly .202 705 -
Lo-14 605 - Lk -204 670 -
40-28 540 " 4k -206 635 .
b1-10 - 11,6 kk-209 T70 -
L1-53 = 12,0 kl-252 675 .
k1.67 1725 13.5 45-1 TS c
41-76 725 12,4 4s-2 725 -
k2-67 700 12.5 b5-1k4 730 -
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6. Vibration (fatigue)
7. Storasge Life (200°C, 10CO hours)

The collector cutoff current (ICEO and ICES) at a collector volt=-

sge of 28 volts and the emitter cutoff current (IEEO) at ar exit-

ter voltage of 4 volts vere measured afler each test.

Two of the ten units indiceted lesis diring the helium leak test.
No feilures occurred du:in; vibratic: (variatle frequency), shock

(500g) or vibration (fatigue) testus.

Tvo failures occurred during the constunt zceeieration test. One
unit showed an ezitter-tase short and another shoved an eaitter

vase and collector exitter open. Examination of these units re-
vealed that a portion of the gold metallizing, coutaining the bonded
emitter vires, had pulled loose {ro=m the BeO on the open unit, It
vas observed on the shorted unit that the first btond on the emitter
bonding area was set too far back from the end of the wvire. Con-
sequently, the extended end of the emitter leed pivoted about the
bond and fell across the tase metallizing resulting in an emitter

base short.

One failure occurred during temperature cycling while no failures
were encountered in the 200°C storage life test after over 1750

hours.

Improved control on the welding cycle in the sealing operation has

eliminated helium leak test failures. Over 100 sealed units have
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veen made with no failures.

The failure caused by the pivoting of the emitter lead across
the base metallizing vas eliminated by placing the first emitter

bond immediately next to the end of the emitter lead.

Thermal Resistance

The package used in the fabrication of the final device vas a
7/16" 1solated collector, double ended stud, A photograph of

this peckage is showvn in Figure 30.

The berrylium oxide {solating material has a metallized tab
approximately 110 mils wide and 185 mils long. Dravings of this

package are shown In Figures 31, 32, and 33,

Gold-luicoé vas used as the alloying material betveen the silicon
pellet and metallized ceramic. Mounting is performed at the lovest
campatible temperature with the silicon pellet by the alloying
material. A temperature of 4%°C end a mounting atmosphere of
nitrogen results in satisfactory vetting of the silicon with no

degradation of the units during this operation.

The thermal resistance is affected by the campleteness of alloying
obtained during mounting. Thermal resistance measurements are per-
formed using the test set shown in Figure 34, using a common base
configuration, In these measurements, the input characteristics
(VBL" IB), vhich are a function of temperature, is determined by
heating the unit under test with circulating hot water. The dcv'ioe

9
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a. Front View

- e

b, Side View

1 FIGURE 30 HIGH FREQUENCY POWER TRANSISTOR CASE
(DOUBLE ENDED STUD-ISOLATED COLLECTOR)
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FIGURE 31 SHELL ASSEMBLY
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FIGURE 34

THERMAL RESISTANCE TEST SET



is monitored by a thermocouple and brought to a temperature of
spproximately 70° to 80°C. A short duration (2 percent duty
cycle) current pulse (IB) is then applied to the device and the
input voltage (VBE) {s recoréded. The unit is alloved to cool

and then heated again by pover dissipated in the device. The

same amplitude base current pulse, but longer duration (98 percent
duty cycle), is applied. The collector voltage is varied such
that the temperature rise, due to pover dissipated in the unit,
results in the same VEE indicating the unit {5 then at the same

temperature as when ietted with the

As previously discussed, the therzal resistance is calculated from
the relationship:

s
TR = o s teg e o B BET S W w . MG @AB)

Pdiss

Measurements of thermal resistance on devices facricaled with the
final transistors are presented in Tatle X. Of thelD units measured,

five had thermal resistance values greater than 14.6°C per wvatt.

The fifteen devices were subjected to operating life tests with
conditions of 140°C case temperature and collector power dissipation
of four watts at 28 volts. Of the devices tested, unit number kl-1lk
failed within 250 hours and unit numbers 41-18, 43-L4 and 44-216 failed
between 250 and 500 hours. A comparison of the life test results

to the thermal resistance data shows that the units which failed

also exhibited excessively high thermal resistance values.
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TABIE X

THERMAL RESISTAIICE 1EASUFZ:ENTS
TA-2307 TRANSISTORS

Ther=al Resistance

Ugct? °C/Watt
3124 8.5
3439 8.7
35-17 k.0
40-20 11.C
40-35 5.0
41-18 21.0
L34 37.8
b1k 32.0
L4L.123 8.9
Wh-166 i 12.2
k179 i 9.2
Lk-201 7.5
Lk-216 28.0
k217 25.0
ki-223 10.7
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Examination of open circuited devices during life testing showed
the formation of purple plague on the exmitter bonding area causing

the bonding wire to be consumed in the eutectic formed.

Further studies of the thermal resistance resulted in the use of
a gold and molybdenum buffer between the metallized ceramic and
the silicon pellet. The molybdenum was mounted to the metallized
ceramic using gold alloy preforms and the silicon pellet was
mounted to the moly using the gold silicon eutectic. This mount-
ing approach resulted in the isolation of the silicon pellet fram
contact with the nickel plating and subsequent materials in tke

cerazic metallizing.

Measurement of units mounted by this method indica.ed consistent

thermal resistance values Letween 8.3 and 9.L°C/ua:t.

High Freguency Pover Gain Measurerents

Various high frequency test circuits were designed and constructed

to evaluate the devices at ultrahigh {reyuencies, Initial ex-

perirental model transistors were measured in a LOO megacycle Class C

common emitter amplifier shown in Figure 35.

Tuned line (distributed parameter) and lumped constant 500 wcgacycle

circuits were fabricated in beth common base and cormon emitter
configurations, In general, considerably higher output powers were
obtained in the commuon base chassis, however, the e¢ircuit was only
conditionally stable. At 500 megacycles, the common base circuit

could be tuned for maximum output power by use of the base circuit
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FIGURE 35 400 MEGACYCLE CLASS C COMMON EMITTER AMPLIFIER (LUMPED CONSTANT)
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and collector circuit adjustable stubs. An impedance match
between the device input end the sigiel source and between the
load and the collector was obtained as indicated oy an inline
wattmeter. This meter measures both the power delivered to the
input of the device and the power reflected back to the signal
generator. The condition of zero reflected pover indicates

an impedance match between the signal generator and the arplifier
circuit. In the common base circuit, this impedance match was
obtained. However, disconnecting the signcl generator resulted
in oscillation of the circuit. Typicel power gain data obtained
on a unit in the common base circuit and in the common emitter
circuit is shown in Table XI. Beczuse of this instability exe i
hibited by the common base circuit, it was deciced that a more
accurate evaluatior of the device could vé made in the common

emitter configuration.

The finalized circuit used %o evuluate the devices was an unneutral-
ized, Class C, common emitter amplifier employing tuned lines. The
use of tuned lires enabled the circuit to be applicable over a wide
range of impedance matching conditions. The circuit diagram is
{1lustrated in Figure 36 and a photograph of the circuit and associat-

ed equipment can be seen in Figure 37.

The output power obtained on the second and third group of state-of-
the-art transistors in a high frequency lumped constant circuit is
given in Table XII. Table XIII shows LOO megacycle dats on two

devices in a lumped constant and tuned line circiit. A comparison
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of the units indicate the tuned line circuit results in slightly
higher output power end improved efficiency. A plot of UHF out-
put versus input power at LOO megacycles for collector voltages

of 28, 4O and 50 volts is shown in Figure 38.

These state-of-the-art sa=ples were Ju.rlcated using high resis-
tivity starting material, deep diffusions and a medium sheet
resistance of the P'+ matrix. A cozparison of these units to
devices fabricated on lov resistivity material, using shallow
diffusions and a very low P layer sheet resistance,indicates

the advantage associated with lower resistivity material.

Ultrahigh frequency pover gain mcasurezment data on the final
sazples using the circuit of Figure 36 is shown in Table XIV.
These samples vere fabricated using the 3-k ohm cm starting

material.

Figures 39 and LO presen: disiri.utions of the pover output and

circuit efficiency of the final samples.

A plot of pover output versus frequency for an input signal level
of one watt at collector potentials of 40 and 50 volts is depicted
in Figure 41. No data was obtained teyond the 750 megacycle point
shown on the curve due to limitations of the range covered by cer-
tain of the circuit components. It can be seen from this curve
that the units are not yet falling off at 6db per octave which
suggests the possibility of the cvserved falloff being caused to

same degree by the packuge desizn.
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TABLE XI
COMPARISON OF COMMON BASE AND
COMMON EMITTER TUNED LIXE AMPLIFIEFS

Cozmon Base Tuned Line Circuiz - 50C =me

tnit | Pin Ves Ie PO RS n
Yo. Watts | Volts ra Watts db %
37-1 0.5 ko 374 5.0 10 33.5

1.0 Lo 295 5.8 7.64 k9.0
| 1.0 50 285 6.35 8.03 L. 3

Common Exmitter Tuned Line Circuit - GO re

T
"
Unit Pia Ves “ PO PG N
No. Watts | Voits ma | Waits ¢b %
i .
37-1 1.0 40 19 | 3. 4.92 ,39.7
1.0 50 2ks | 3.7 5.68J 30.3
i

105

b it



=

PR———.

& |

L

4

—ty

o

TABLE XII
HIGH FREQUENCY MEASUREMENTS OF EXPERDEITAL
MODEL TA-2307 TRANSISTORS-COMMON EMITTER CONFIGURATION

Experimental Model Transistor Delivery Number 2

£ = 50 Megacyclec

Unit Pin VCE ‘c G n
No. Watts | Volts ma Watts do 9
1 1.0 28 345 8:% 9.2 86
3 1.0 28 375 8.2 9.1k 78
12 1.0 28 375 8.2 9.14 178
13 1.0 28 37 8.2 9.14 18
bE) 1.0 8 375 8.2 9.1k 78
16 1.0 28 375 8.4 9.2k 80
20 1.0 28 s, €.k 9.2 79

f = 150 Megucycles

1 1.0 28 ] 1y | 22 5.06

3 1.9 28 55 1 LA 5432

12 1.0 26 | iU S 5032

13 1.0 28 255 | 3.5 5.k

15 1.0 28 | 205 | 3.3 5.19

16 1.0 28 | 140 , 3,0 L.77

20 1.5 8 208 1 3.5 5.k

Experimental Model Transistor Dellv.ry su=ter )
£ = 40O Megacycles

25-2 0.5 50 170 3.4 8.32 | k0.0
26-2 0.5 50 130 3.4 8.32 | 52.3
26-4 0.5 50 150 3.6 8.57 | 48.0
26-5 0.5 50 1ko 3.8 8.8 sk.3
26-10 0.5 50 160 3.6 8.57 | 45.0
26-11 0.5 50 150 3.9 8.92 | 52.0
25-2 1.0 50 175 L.7 6.72 | 53.7
26-2 €0 50 180 L,7 6.72 | 52.2
25-4 1.0 50 200 Sl 7.08 | 51.0
26-5 10 50 180 L.8 6.82 | 53.3
26-10 1.0 50 160 L4 6.43 | 55.0
26-11 1.0 50 200 5.0 6.99 | 50.0
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TRBLE 1II2
COMPARISON OF COMMON EMITTZR
LUMPED CONSTANT AND STUB TUNED AMPLIFIER CIRCUITS

LOO Megacycle Lumped Constant Azzlifier Circult

» Unit Pia | Ver o 7 n
i ¥o. Watts | Volts E2 ' wWatts db %
i
} 31-2 1.0 28 190 : 1L 5.32 63.8
l 1.0 50 190 | 5.4 7.32 56.9
]
L 31-3 1.0 28 200 ! 3.1 k.92 55.4
[_ 1.0 50 220 ' 5.3 7.24 48.3
‘ LOO Megacycle Stub Tuned Amplifier Circult
l !
Unit Pa | Ve e | PO o N
No. Watts |Volts ma | Watts db %
312 1.0 28 190 l 2.6 S 67.6
1.0 50 229 ' 5.8 7.64 51.6
31-2 3.0 28 170 3.2 5.05 67.1
1.0 50 205 5.4 7.32 52.7
1
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500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2507 TRANSISTORS

TABLE XIV

Firal Delivery Number 1

Input Power = 0.5 Watt

Unit Ve Ic o | x| N
No. Volts ma Watts db +
37-27 50 295 3.7 8.68 25.0
34-13 50 308 3.4 8.30 22.1
31-7 50 235 3.0 7. 25.5
37-9 50 295 2.7 7.3 18.3
37-23 50 2ko 2.2 6.2 18.6
30-20 50 164 2.25 6.52 27.2
3442 50 2ko 2.3 6.62 i9.1

Input Power = 1.0 Watt -
37-27 50 360 5.2 7.16 28.9
34213 50 210 5.0 7.0 37.0
Ll-34 50 330 k.7 6.72 28.5
3419 50 275 L.6 6.63 33.9
37-30 50 305 k.6 6.63 30.2
37-33 50 355 k.5 6.53 25.3
34-18 50 275 k.5 6.53 32.7
37-5 50 285 L.y 6.43 30.9
37-7 50 285 bob 6.43 30.9
bi-33 50 335 bk 6.43 26.3
37-9 50 282 k.2 6.23 29.9
b-32 | s0 %20 | 42 | 623! 200

VIR A RSN SA AL, -
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TABLE XIV( Cont.)
500 MEGACYCLE POWER GAIN DATA OX FINAL TA-2307 TRANSISTORS

Iaput Pover = 1,0 Watt

PR —

& &% 428 R

vt | Ve | e FO % n
No. Volts za Watts db %
hi-27 50 395 L.0 6.02 20.3
3k-9 50 270 k.0 6.2 | 29.6
| 31-3 50 195 k.0 6.02 k1.0
) 37-23 50 2ko k.0 6.02 33.3
i 3hel 50 26 };.9 . 5.9 31.7.
I 26-31 50 200 3.7 5.68 37.0
30-20 50 21k 3.6 5.57 33.6
| sh-b2 | 50 265 | 3.6 | 5.57 | 271
Final Delivery Number 2
Input Pover = 1,0 #Watt
37-20 50 312 5.0 7.0 32
37-22 50 365 3.9 5.9 a1
37-25 50 360 5.2 7.15 29
37-28 50 3hh 5.0 7.0 29
| 37-29 50 280 5.k T.b 38
kO-11 Lo 356 k.o 6.0 28
l- bo-1b | 4O 320 3.5 5.k 27
[E ko-21 ko 320 k.0 6.0 3
Lo-28 ko 378 3.5 5.4 23
ﬁ b1 ko 30 | 3.6 5.56 | 29
g 41-2 Lo 310 L.0 6.02 32
l 109
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TABLE XIV (Cont.)
500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS

Icput Power = 1.0 Watt

vatt | ‘ez | % PO PG n

No. Volts ma Watts dv %

bl-k ko 275 3.8 5.8 35

41-8 Lo " -~ 269 3.7 5.7 3L

{ k1-9 ko 275 5T 5.7 3k

. 41-10 Lo 31k 3.5 5.4 28

4 b1-53 | b0 215 3.5 5.4 b1

I §1-67 | kO 2k5 3.8 5.8 39

41-76 40 176 3.5 5.k 50

1 k92 | b0 265 | 3.1 | 5.7 | 3

' k2-5 ! ko 265 A 5.7 32

5: k2.6 ko 295 5.7 | S.1 32

{ L2-16 L0 300 | 5.6 | 5.6 | 30

42-19 4o 295 | 3.7 4 5.1 31

42-22 Lo 28 | 3.8 | .. 29

k2-29 35 290 3.8 | 5.6 26

k2-32 ko 290 3.6 5.6 31

42-36 35 355 k.2 6.22 3k

k2-ko Lo 295 3.8 | 5.8 32

k2-46 Lo 258 3.8 5.8 33

L2-5k 37 275 A 5.7 35

! { 42-63 Lo 322 k.o 6.0 31

1 L2-64 Lo 330 L.l 6.0 31
110



TABLE XIV(Cont.)
%500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS

T —
»

inpus Power = 1,0 Watt

v

Untt CE Ie PO G 7
No. Volts A Watts db %
ko-65 ko 260 3.7 5.7 35
L2-66 Lo 255 k.5 6.5 Ly
b2-67 | 40 237 3.7 5.7 39
L2-68 Lo 258 L.3 6.3 L2
k2-69 Lo 300 3.6 5.6 30
42-71 | ko 255 3.8 | 5.8 37
l;g..']'g Lo 255 L.o 6.02 39
Lo-Th Lo 235 3.6 5.6 18
42-75 | %o 250 Lo | 602 | ho
Le-78 4o 215 4.0 6.02 L7
4b2-81 | 50 168 3.6 1 5.6 | ko
L2.82 Lo 2Ls b 6.02 41
L2.83 ko 230 3.9 5.9 ' 42
43.2 Lo 268 L.l 6.1 %8
43.6 Lo 268 L.2 6.2 39
43-7 40 385 b5 6.5 %5
43.8 Lo 255 L.5 6.5 I Ly
k-2 40 250 3.7 Sl 7
Lkl Ls 350 3.4 5.4 22
kh.s k5 250 3kt 5.k 3
448 Lo 238 3.6 5.6 38

R R
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500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS

TABLE XIV (Cont.)

Input Power = 1.0 Watt

Unit Ve | o PO FG n
No. Volts Da Watts db %

I Lh-12 ko 275 k.5 6.5 k1
W21 | 40 | 275 be | 62 | 38
k=26 ko 230 3.6 5.6 39
Lh-27 ko 2ko 3.6 5.6 37
ks-33 ko 380 k.o 6.0 26
k36 ko 258 - 3.7 A 36
k38 | ko | 246 3.6 | 5.6 | 36
Lhak1 Lo 280 3.8 ! 5.8 LR
bhob3 Lo 265 307 | 57 35
Lhok6 50 215 k.0 6.0 %
Lk-52 Lo 255 3.7 | 5.7 31
Ls.5% Lo 287 b2 | 6.2 26
Lol 40 2L2 3.8 : 5.8 39
bh.56 Lo 285 ko7 | 6.7 L
kk-57 Lo 275 k.5 ' 6.5 51
Lk.58 L0 275 b2 6.2 38
L4-63 Lo 285 4.0 6.0 36
Lh-65 4o 255 3.6 5.6 35
Li-66 ko 295 3.8 5.8 32
Lh.T70 Lo 265 b.1 6.1 39
L. 71 L0 260 3.6 5.6 34
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TABLE XIV (Cont.)
500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS

- -"_I""'II-

T

o A——

Input Pover = 1.0 Watzs

unit | Vcs I PO G 72
No. | Volts =a Watts db %
k-T2 ko 267 L.l 6.1 38
kT3 ko 238 3.7 5.7 39
kk-76 Lo 245 L.o 6.0 bl
bk-78 Lo 2k k.0 6.0 Ll
k479 50 300 4.9 6.9 33
LL.80 Lo 225 L.0 6.0 ks
bk-81 Lo 228 3.9 5.9 L3
Lh.82 Lo 215 3.7 5.7 37
LL-8h L0 250 ; 3.9 5.9 ko
Lh-85 | L0 o1y | 3.8 5.8 L0
LL.86 Lo 220 4.2 €.2 33
Ls-87A | L0 207 i 3.9 5.5 L2
LL-87 Lo 190 55 5.8 L6
Lh.93 i Lo 268 4.2 6.2 29
Wbk | kO 275 b5 6.5 L1
LL4-95 Lo 230 3.8 5.8 L1
b-96 ko 230 k.1 6.1 L
bk-97 Lo k3 b 55 36
Lh.98 L0 295 k.5 6.5 38
44-100 | kO 2L6 L.6 6.0 Lo
L4104 Lo 304 4.6 6.6 38
13



TABLE XIV (Cont.)
500 MEGACYCLE POWER GAIN DATA ON ~INAL TA-2307 TRANSISTORS

.-q-—--w-"ﬁl‘wlﬁ

R T T

| oy

S

Input Power = 1.0 Watis

Unit Vez L Po FG ’2
No. Volts rma Watts do 3
hko105 | ko 225 3. 5.4 39
Lk.108 Lo 250 3.9 5.9 39
Lk-109 Lo 270 3.9 5.9 37
442210 4o 235 3.9 5.9 k2
Lh- 104 Lo 303 k.5 6.5 5T
L4113 Lo 285 3.6 5.6 32
Lk.11k ko 305 L.2 6.2 34
bha116 ko 268 3.6 5.6 34
uk-118 40 198 3.5 55 Lk
bh-121 Lo 2L6 3.8 5.8 38
kh-123 Lo 195 3.6 5.6 3l
Lh-12h 50 278 b.5 6.5 2h
ko127 Lo 2us 3.9 5.9 )
kh-131 Lo 2u8 3.95 5.9 40
Lh-134 "o 225 3.6 5.6 %)
Lh-136 Lo 265 549 5.9 27
k=137 Lo 235 3.6 5.6 39
LL-138 Lo 230 3.6 5.6 %9
kk-139 50 228 L.o 6.0 35
Lb-2ko | bO 256 3.7 5.7 36
Lh.3k) 4o 246 3.9 5.9 39
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500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS

TABLE XIV (Cont.)

Input Power = 1.0 Watts

I

unit | Vee c PO v n

No. Volts za Watts 1) %
Lb-2k7 | kO 272 3.8 5.8 34
L4-148 ko 205 k.2 6.2 51
44151 ko 233 3.9 5.9 k2
kh-152 Lo 243 36 5.6 37
54154 Lo 315 k.2 6.2 33
4ke159 Lo 260 k. 6.1 39
4 .160 Lo 340 L.8 6.8 35
LLh.167 Lo 305 L, 6.1 33
Lk-168 Lo 300 3.9 5.9 32
kk.169 ko 270 k.2 6.2 39
kk-170 Lo 238 3.6 5.6 38
Lk-171 Lo 2085 k.3 6.5 38
Wh172 ko 292 4.2 6.2 36
LL-174 Lo 315 L.6 6.6 36
W-175 | kO 256 3.9 5.9 38
LL-180 ko 250 3.9 5.9 39
LL-181 Lo 278 3:T 5T 3k
kh-182 ko 265 5 565 33
L4-183 ko 312 L.6 6.6 37
k- 284 Lo 255 3.7 5.7 b
Lh-186 ko 260 3.7 5.7 b
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TABLE XIV(Cont.)
500 MEGACYCIE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS

Input Pover = 1.0 Watts

Untt Vez Ie 2 i | N

No. Volts ca Watts db ' 3
Lh-187 Lo 29 k.2 6.2 36
Lk-190 4o 315 k.5 6.5 36
4193 ko 295 L.0 6.0 3h
ko196 40 260 k.0 6.0 39
Lh-199 Lo 240 3.5 5.4 37
ko202 | o 275 3.5 5.4 38
kL-204 ko 230 3.5 Dok 37
L&.206 Lo 2ks 3.6 5.6 k1
ko209 Lo 230 3.8 i 5.8 4
Lk.211 ko 260 b, | 6.1 39
Lk.213 Lo 238 k.0 l 6.0 k2
Lh-21k Lo 290 4.1 6.1 35
Lh-219 ko 255 3.5 | 5.4 »
Lk.218 Lo 20 3.6 ! 5.6 L2
Lk.219 Lo 220 3.7 | 5.7 39
Ll.225 ko 258 3.7 | 5.7 38
Lk-230 | kO 256 3.9 5.9 36
ko231 ko 256 % 1 6.1 ko
Lk-232 ko 265 3.8 5.8 51
Lh-252 ko 212 3.5 5.4 k3
45-1 Lo 220 3.6 5.6 Ly
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TABLE XIV (Cont.)
500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS

-

Input Pover = 1.0 Watts

Untt | VCE Ie !l = | 1
Ko. Volts me. | Vaiis db i %
b5-2 Lo 200 | 3.6 | 5.6 45
45-3 ko 223 k.0 6.0 s
L5-6 Lo 220 L,2 6.2 L7
4s5-8 ko 23k 4.0 6.0 k3
k5.9 Lo 265 4.0 6.0 38
45-10 Lo 2u7 L.,3 6.3 L4
ks-12 Lo 230 L. 6.1 ks
bs-13 Lo 250 4.0 6.0 Lo
b5-1k Lo 200 3.9 | 5.9 4y
bs-17 50 275 L.c 6.6 50
45-20 | Lo | 23k | 2.6 | 5.6 59
45-21 | Lo 262 | 4.3 | 6.3 b1
Ls.22 Ny 190 3.8 <.8 D
b5-23 4o 287 5.0 7.0 34
ks-26 Lo 20k 3.8 5.8 L6
Ls-29 Lo 213 3.6 5.6 k2
ks-30 | L0 194 3.5 5.5 b5
ks34 Lo 268 4,1 6.1 38
45-35 Lo 2ks5 3:8 5.8 39
Ls5-36 Lo 223 L.3 6.3 48
45-39 Lo 235 k.1 6.1 L8
45-41 Lo 222 L.2 6.2 - bl
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FIGURE 37 500 MEGACYCLE POWER GAIN TEST SET
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V. OVERALL COMCLUSIONS

A unique transistor geometry, called the overlay structure, was designed
vhich affords considerable advantages over the tnterdigitated (comb)
stéucturt. This geametry results ir high design ratios of emitter peri-
ph;ry to emitter area and emitter periphery to base area vhich have an

important iafluence on the gain-bandwidth product of transistors.

These improved design ratios are, to a large extent, the rsasult of the
enitter diffusion pattern. This pattern uses many small squares arranged
in an array instead of tiae few narrov stripes associated with comb type

RS

devices.

The feasibility of the originally proposed apprc;ch, using the anodic for-
mation of A1205 over the base metallizing matrix, has been shown by the
fabrication of several devices exhibiting amplifier performance at low
current levels. It was felt, however, that the fabrication problems
associated with this approach vere too numerous to Le solved within the

contract period.

State-of-the-art advances in the techniquus of photomask fabrication, photo-
lithography and diffusion during development of this device were employed in
the design and development of a diffused overlay structure. This structure
retained the advantages of the originally proposed device but greatly reduced

the fabrication difficulties.

Common emitter, Class C, 500 megacycle tuned line amplifiers were degigned

and constructed for ultrahigh frequency measurements of the final devices.
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Two hundred final transistors fabricated in the modified structure delivered
500 megacycle output powers of 3.k to 5.4 watts with one watt of input

drive. The median of these units delivered 4.0 watts with 6db of gain.

The progress realized during this cortract period has resulted in the fab-
rication of silicon transistors cspacle of high power, ultrahigh frequency
operation far beyond the previous state-of-the-art devices. The advances
attained in semiconductor technology allow the development of future devices
that require extremely small geometries and very shallow diffusions and

further extends the operating frequency range of silicon transistors.

o e e e 12 R LA e
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VI. RECOMMENDATIONS

The importance of the base width aid intrinsic material width for ultra-
high frequency operation has been discussed. To take full advantage of

the breakdown voltage available for particular vase and intrinsic material
widths, a thorough investigation of surface effects is recommended. Further
studies on the use of highly doped layers us conductors are also essential

fcr additional improvement of the overlay structure.

Studies of ultrahigh frequency case designs are required which will allow
transistors to be packaged in cases giving the least degradation of per-

formance.

»
-
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VII. FERSONNEL AND MAN HOURS

>

THIS SECTION WILL BE COMPLETED UPON APPROVAL OF THE DRAFT COPY.
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